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©  Improvements  in  photoelectric  position  transducers. 

An  interceptor  member  for  use  in  a  position  transducer 
comprises  a  substrate  lamina  (13)  permeable  by  light  or 
other  radiation  and  barrier  lamina  (14)  impermeable  to  said 
radiation.  The  barrier  lamina  (14)  has  annular  window 
elements  (13a1 -  13f)  occupying  one  of  a  plurality  of  annular 
zones  (12a  to  121)  extending  about  axis  (11)  of  the  interceptor 
member.  Light  or  other  radiation  is  incident  through  the 
window  elements  (13a1 -  13f)  of  each  zone  on  respective 
photo-transistors  (19a -  19f).  The  configuration  of  the 
window  elements  collectively  is  such  as  to  provide  a  binary 
coded  digital  output  which  may  be  of  Gray  form.  The 
transducer  may  be  utilised  in  a  method  of  checking  vehicle 
axle  loading  or  providing  an  output  to  operate  an  indicator  or 
adjustment  means  for  levelling  vehicle  head  lights  when  the 
vehicle  tilts  due  to  varying  loads. 



A  f i r s t   a s p e c t   of  t he   p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  

mask ,   s h u t t e r ,   or  e n c o d e r   member  ( h e r e i n   c a l l e d   an  i n t e r -  

c e p t o r   m e m b e r )   h a v i n g   t he   g e n e r a l   p u r p o s e   of   i n t e r c e p t i n g  

a  beam  of  r a d i a n t   e n e r g y ,   s u c h   as  e l e c t r o   m a g n e t i c  

r a d i a t i o n   wh ich   may  be  in  or  o u t s i d e   t he   v i s i b l e  

s p e c t r u m ,   and  w h i c h   i s   r e q u i r e d   to  be  v a r i a b l y   i n c i d e n t  

upon  a  s e n s i n g   means   r e s p o n s i v e   to  t h e   i n c i d e n c e   of  s u c h  

beam  to  g e n e r a t e   an  e l e c t r i c a l   s i g n a l   ( w h i c h   e x p r e s s i o n  

i n c l u d e s   a  s e r i e s   of  d i s c r e t e   c y c l i c   or  r e p e t i t i v e  

s i g n a l s ) .  

One  a p p l i c a t i o n   of  t h e   i n v e n t i o n   i s   to  p o s i t i o n  

t r a n s d u c e r s   by  means   of  w h i c h   t h e   p o s i t i o n a l   r e l a t i o n s h i p  

of  two  r e l a t i v e l y   m o v a b l e   p a r t s   i s   t r a n s d u c e d   i n t o   a n  

e l e c t r i c a l   s i g n a l ,   f o r   e x a m p l e   a  b i n a r y   d i g i t a l   c o d e .  

A l t h o u g h   t h i s   i s   one  of  t he   p r i m a r y   a p p l i c a t i o n s   of  t h e  

i n v e n t i o n   i t   i s   to  be  u n d e r s t o o d   t h a t   i t   i s   of  m o r e  

g e n e r a l   a p p l i c a t i o n   and  may  be  u t i l i s e d ,   f o r   e x a m p l e ,   i n  

l i m i t   s w i t c h   d e v i c e s ,   and  c o n t r o l l i n g   d e v i c e s   g e n e r a l l y  

f o r   c o n t r o l l i n g   the   o p e r a t i o n   of  a p p a r a t u s   and  m a c h i n e s  

or  i n d i v i d u a l   s u b - a s s e m b l i e s   t h e r e o f   or  f o r   g e n e r a t i n g  

s i g n a l s   r e p r e s e n t i n g   t i m e   d i f f e r e n t i a l s   of   d i s p l a c e m e n t ,  

f o r   e x a m p l e   s p e e d ,   a c c e l e r a t i o n   e t c .  

A c c o r d i n g   to  a  f i r s t   a s p e c t   of  t h e   p r e s e n t   i n v e n t i o n  

t h e r e   i s   p r o v i d e d   an  i n t e r c e p t o r   member  w h i c h   c o m p r i s e s   a  

s u b s t r a t e   l a m i n a   of  m a t e r i a l   p e r m e a b l e   to   t he   r a d i a t i o n  

w h i c h   i t   i s   r e q u i r e d   to  i n t e r c e p t ,   and  a  b a r r i e r   l a m i n a  

c a r r i e d   by  t he   s u b s t r a t e   l a m i n a   and  i s   i m p e r m e a b l e   t o  



s u c h   r a d i a t i o n ,   t h e   b a r r i e r   l a m i n a   h a v i n g   a  window  m e a n s  

p r o d u c e d   by  e r o s i o n   of  t h e   b a r r i e r   l a m i n a .  

The  b a r r i e r   l a m i n a   may  be  f o r m e d   of  a  n o n - m e t a l l i c  

m a t e r i a l   and  the   b a r r i e r   l a m i n a   may  be  f o r m e d   of  a  m e t a l .  

P r o d u c t i o n   f a c i l i t i e s   a l r e a d y   e x i s t   f o r   t h e  

e c o n o m i c   q u a n t i t y   p r o d u c t i o n   to   h i g h   l i m i t s   of  a c c u r a c y  

of  e l e c t r i c a l   p r i n t e d   c i r c u i t   b o a r d s .   A  t y p i c a l  

e l e c t r i c a l   c i r c u i t   b o a r d   a l s o   c o m p r i s e s   a  s u b s t r a t e  

l a m i n a   (of   e l e c t r i c a l l y   i n s u l a t i n g   m a t e r i a l )   and  a n  

e l e c t r i c a l l y   c o n d u c t i v e   l a m i n a   ( a l m o s t   i n v a r i a b l y   o f  

m e t a l   s h e e t   s u c h   as  c o p p e r ) ,   w h i c h   i s   s u b j e c t   t o   e r r o s i o n  

to  p r o d u c e   the   p a r t i c u l a r   c o n d u c t o r   c o n f i g u r a t i o n  

r e q u i r e d .  

The  p r e s e n t   i n v e n t i o n   may  be  e f f i c i e n t l y   a n d  

e c o n o m i c a l l y   p r o d u c e d   u t i l i s i n g   p r o d u c t i o n   f a c i l i t i e s  

a l r e a d y   a v a i l a b l e   f o r   t h e   m a n u f a c t u r e   of  e l e c t r i c a l  

c i r c u i t   b o a r d s .  

T h u s ,   a  p a r t i c u l a r l y   s u i t a b l e   s u b s t r a t e   l a m i n a   i s  

one  commonly   e m p l o y e d   in  t h e   m a n u f a c t u r e   of  e l e c t r i c a l  

p r i n t e d   c i r c u i t   b o a r d s ,   n a m e l y   p o l y e s t e r   r e i n f o r c e d  

g l a s s   f i b r e ,   w h i l e   a  l a m i n a   s u i t a b l e   t o  f o r m   t he   b a r r i e r  

l a m i n a   is   c o p p e r   f o i l   s u c h   as  i s   commonly   u t i l i s e d   in  t h e  

m a n u f a c t u r e   of  e l e c t r i c a l   p r i n t e d   c i r c u i t   b o a r d s .  

A  s e c o n d   a s p e c t   of  t h e   i n v e n t i o n   i s   c o n c e r n e d   w i t h   a  

m e t h o d   of  m a k i n g   an  i n t e r c e p t o r   m e m b e r .   t: 
A c c o r d i n g   to  t h i s   s e c o n d   a s p e c t   of  t h e  i n v e n t i o n   a n  

i n t e r c e p t o r   member  i s   made  b y :  

(a)   p r o v i d i n g   a  c o m p o s i t e   p l a t e   w h i c h   c o m p r i s e s   a  

s u b s t r a t e   l a m i n a   p e r m e a b l e   by  the   r a d i a t i o n  

r e q u i r e d   to  be  i n t e r c e p t e d ,   and  a  b a r r i e r   m e m b e r  

i m p e r m e a b l e   by  s u c h   r a d i a t i o n   and  h a v i n g   i t s  

e x p o s e d   f a c e   c o a t e d   w i t h   a  r e s i s t   w h i c h   i s  

r e s p o n s i v e   to  i n c i d e n c e   of  an  image  to  u n d e r g o   a  

c h a n g e   to  an  e r o d i b l e   c o n d i t i o n ,  

(b)  f o r m i n g   an  image   on  t he   r e s i s t   of  a  

c o n f i g u r a t i o n   s u c h   as  to  d e f i n e   t he   window  m e a n s  

r e q u i r e d   to  r e n d e r   t h e   r e s i s t   e r o d i b l e   o v e r   t h e  

a r e a   of  such   window  m e a n s ,  



(c)   t r e a t i n g   t h e   r e s i s t   w i t h   an  a g e n t   s e l e c t e d   t o  

e r o d e   s a i d   e r o d i b l e   a r e a   t h e r e o f   and  e x p o s e   t h e  

r e q u i r e d   window  a r e a   of  t h e   b a r r i e r   l a m i n a ,  

(d)  t r e a t i n g   t h e   e x p o s e d   a r e a   of  t h e   b a r r i e r   l a m i n a  

w i t h   an  a g e n t   s e l e c t e d   to  e r o d e   the   b a r r i e r  

l a m i n a   and  fo rm  t he   r e q u i r e d   window  means   t h e r e -  

t h r o u g h .  

The  d i m e n s i o n a l   a c c u r a c y   of  t h e   window  a r e a s   may  b e  

i m p r o v e d   by  p r o v i d i n g   an  e n l a r g e d   r e p r e s e n t a t i o n   of  t h e  

window  a r e a   and  o p t i c a l l y   r e d u c i n g   s u c h   r e p r e s e n t a t i o n   i n  

f o r m i n g   the   i m a g e   on  t he   r e s i s t .  

T h i r d   and  f o u r t h   a s p e c t s   of  t h e   i n v e n t i o n   r e l a t e  

r e s p e c t i v e l y   to   a  m e t h o d   of  and  a p p a r a t u s   f o r   m o n i t o r i n g  

t h e   a x l e   l o a d i n g   of  a  v e h i c l e .  

The  i n t e r c e p t o r   member  of  t h e   i n v e n t i o n ,   as  h e r e i n  

d e f i n e d ,   may  be  u s e d   in  s u c h   m e t h o d   and  in  s u c h  

a p p a r a t u s ,   b u t   b o t h   t h e   m e t h o d   and  a p p a r a t u s   of  t h e   t h i r d  

and  f o u r t h   a s p e c t s   of  t he   i n v e n t i o n   a r e   b r o a d e r   i n  

c o n c e p t   and  may,  i f   d e s i r e d ,   be  p u t   i n t o   p r a c t i c e   w i t h o u t  

t he   use  of  t h e   i n t e r c e p t o r   m e m b e r .  

A c c o r d i n g   to   t h e   t h i r d   a s p e c t   of  t h e   i n v e n t i o n ,   a  

m e t h o d   of  m o n i t o r i n g   the   a x l e   l o a d i n g   of  a  v e h i c l e  

c o m p r i s e s   d e t e r m i n i n g   the   r e l a t i o n s h i p   b e t w e e n   the   a x l e  

l o a d i n g   of  a  v e h i c l e   w h e e l   and  t h e   p o s i t i o n   of  a  f i r s t  

p a r t   of  the   v e h i c l e   r e l a t i v e l y   to  a  s e c o n d   p a r t ,   b e t w e e n  

w h i c h   p a r t s   r e l a t i v e   d i s p l a c e m e n t   o c c u r s   in  r e s p o n s e   t o  

a p p l i c a t i o n   of  l o a d   to  the   v e h i c l e ,   and  t h e r e a f t e r  

d e t e r m i n i n g   t h e   p o s i t i o n   of  t he   f i r s t   p a r t   r e l a t i v e l y   t o  

t he   s e c o n d   p a r t   u n d e r   w h a t e v e r   l o a d i n g   i s   a p p l i e d   f o r   t h e  

t i m e   b e i n g   to  t h e   v e h i c l e ,   f u r n i s h i n g   an  i n d i c a t i o n   as  t o  

t h e   m a g n i t u d e   of  t h i s   a x l e   l o a d i n g   as  a  f u n c t i o n   of  t h e  

p o s i t i o n a l   d e t e r m i n a t i o n .  

The  p r e f e r r e d   m a n n e r   of  c a r r y i n g   ou t   t he   m e t h o d  

c o m p r i s e s   the   s t e p s   o f :  

(a)  a p p l y i n g   a  l o a d   to  t he   l o a d   c a r r y i n g   p l a t f o r m   o r  

member  of  t h e   v e h i c l e ;  



(b)  t r a n s m i t t i n g   t he   l o a d   to  t he   v e h i c l e   w h e e l   o f  

w h i c h   the   a x l e   l o a d i n g   is  r e q u i r e d   to  be  d e t e r -  

mined   w h i l e   a l s o   a p p l y i n g   such   l o a d i n g   to  a  l o a d  

m e a s u r i n g   means   to  d e t e r m i n e   t h e   v a l u e   of  t h e  

a x l e   l o a d i n g ;  

(c)  a p p l y i n g   an  e l e c t r i c a l   p o s i t i o n   t r a n s d u c e r   t o  

t he   v e h i c l e   in  a  m a n n e r   to  d e t e r m i n e ,   in  t e r m s  

of  an  e l e c t r i c a l   s i g n a l ,   t he   p o s i t i o n   of  a  f i r s t  

p a r t   of  t he   v e h i c l e   r e l a t i v e l y   to  a  s e c o n d   p a r t ,  

( b e t w e e n   w h i c h   p a r t s   r e l a t i v e   d i s p l a c e m e n t   t a k e  

p l a c e   as  a  f u n c t i o n   of  t he   a x l e   l o a d i n g  

a p p l i e d ) ,   u n d e r   t h e   l o a d e d   c o n d i t i o n   so  t h a t  

s u c h   p o s i t i o n   i s   t h e n   c o r e l a t e d   to  t he   d e t e r -  

m i n e d   v a l u e   of   a x l e   l o a d i n g ;  

(d)  t h e r e a f t e r   d e t e r m i n i n g   a x l e   l o a d i n g   u n d e r  

w h a t e v e r   l o a d   i s   a p p l i e d   f o r   t h e   t i m e   b e i n g   t o  

t he   v e h i c l e   by  d e t e r m i n i n g   t h e   r e l a t i v e  

p o s i t i o n   of  one  of  s a i d   p a r t s   r e l a t i v e l y   to  t h e  

o t h e r   by  means   of  s a i d   p o s i t i o n   t r a n s u c e r .  

I t   w o u l d - b e  w i t h i n   t h e   s c o p e   of  t he   m e t h o d   to  make  a  

s i n g l e   d e t e r m i n a t i o n   of  a x l e   l o a d i n g ,   and  a  s i n g l e  

d e t e r m i n a t i o n   of  r e l a t i v e   p o s i t i o n   b e t w e e n   t he   f i r s t   a n d  

s e c o n d   p a r t s   f o r   e x a m p l e   a t ,   or  in  t he   r e g i o n   o f ,   t h e  

maximum  a x l e   l o a d i n g   p r o p e r l y   to  be  a p p l i e d   in  use  of  t h e  

v e h i c l e   to  a  g i v e n   w h e e l .   In  t h i s   c a s e   t he   p o s i t i o n  

t r a n s d u c e r   w o u l d   o r d i n a r i l y   be  used   s u b s e q u e n t l y   t o  

p r o v i d e   an  i n d i c a t i o n   of  when  a x l e   l o a d i n g ,   a t   or  in  t h e  

r e g i o n   o f ,   t he   maximum  p e r m i t t e d   v a l u e   had  been   r e a c h e d .  

I f   s u b s e q u e n t l y   v a l u e s   of   a x l e   l e a d i n g   were   r e q u i r e d  

to  be  d e t e r m i n e d   o v e r   a  r a n g e   of  p o s s i b l e   l o a d s   up  to  t h e  

p e r m i t t e d   maximum  and  u t i l i s i n g   the   p o s i t i o n   t r a n s d u c e r ,  

t h e n   such   c o u l d   be  p r o v i d e d   by  a s s u m i n g   a  l i n e a r   ( o r  

o t h e r   a p p r o p r i a t e   s t r e s s / s t r a i n   r e l a t i o n )   as  b e i n g  

a p p l i c a b l e   to  v e h i c l e   s p r i n g   or  s u s p e n s i o n   m e a n s  

c o n t r o l l i n g   r e l a t i v e   d i s p l a c e m e n t   b e t w e e n   t h e   f i r s t   a n d  

s e c o n d   p a r t s   in  r e s p o n s e   to  t he   a p p l i c a t i o n   of  l o a d   t o  

the   v e h i c l e .  



I f   a  more  a c c u r a t e   d e t e r m i n a t i o n   were   r e q u i r e d   ( n o t  

a s s u m i n g   a  l i n e a r   or  o t h e r   s t r e s s / s t r a i n   r e l a t i o n ) ,   o v e r  

a  r a n g e   of  l o a d s ,   t h e n   t h e   o p e r a t i o n s   s p e c i f i e d   in  s u b -  

c l a u s e s   (a)   to  (d)  of  t h e   p r e f e r r e d   m a n n e r   of  c a r r y i n g  

ou t   t h e   m e t h o d   c o u l d   be  r e p e a t e d   f o r   d i f f e r e n t   l o a d s   a n d  

v a l u e s   of  a x l e   l o a d i n g   a c t u a l l y   d e t e r m i n e d   by  t h e   l o a d  

m e a s u r i n g   m e a n s ,   in  e f f e c t   p r o v i d i n g   a  m u l t i - p o i n t  

c a l i b r a t i o n   of  t he   p o s i t i o n   t r a n s d u c e r   o u t p u t   in  t e r m s   o f  

a x l e   l o a d i n g .  

A p p l i c a t i o n   of  t h e   l o a d   f rom  t he   l o a d   c a r r y i n g  

p l a t f o r m   or  member  to  t h e   v e h i c l e   w h e e l   c o n c e r n e d   may  b e  

e f f e c t e d   t h r o u g h   a  s t r u t   means   w h i c h   r e l i e v e s   t he   v e h i c l e  

s u s p e n s i o n   of  l o a d i n g ,   or  a  p r e d e t e r m i n e d   p r o p o r t i o n  

t h e r e o f ,   and  a x l e   l o a d i n g   may  be  d e t e r m i n e d   by  m e a s u r i n g  

the   l o a d i n g   of  t h e   s t r u t   m e a n s .   T h u s ,   t he   m e a s u r e m e n t  

may  be  c a r r i e d   ou t   by  u s i n g   a  p r e s s u r e   f l u i d   ram  o r  

c a p s u l e   as  t he   s t r u t   means   and  m e a s u r i n g   t h e   p r e s s u r e   o f  

the   f l u i d   t h e r e i n .  

A c c o r d i n g   to  t he   f o u r t h   a s p e c t   of  t he   i n v e n t i o n  

t h e r e   i s   p r o v i d e d   a p p a r a t u s   f o r   d e t e r m i n i n g   v e h i c l e   a x l e  

l o a d i n g   c o m p r i s i n g ,   an  e l e c t r i c a l   p o s i t i o n   t r a n s d u c e r  

h a v i n g   a t t a c h m e n t   means   f o r   o p e r a t i v e l y   c o n n e c t i n g   i t  

b e t w e e n   a  f i r s t   p a r t   and  a  s e c o n d   p a r t   of  the   v e h i c l e ,  

b e t w e e n   w h i c h   p a r t s   r e l a t i v e   d i s p l a c e m e n t   t a k e s   p l a c e   i n  

r e s p o n s e   to  l o a d i n g   of  t h e   v e h i c l e   a p p l i e d ,   and  p r o v i d i n g  

an  e l e c t r i c a l   o u t p u t   s i g n a l ,   and  i n d i c a t o r   m e a n s  

r e s p o n s i v e   to  t h e   o u t p u t   s i g n a l   of  t h e   t r a n s d u c e r ,   a n d  

p r o v i d i n g   an  i n d i c a t o r   s i g n a l   r e p r e s e n t a t i v e   of  a x l e  

l o a d i n g   by  v i r t u e   of  p r e c e d i n g   c a l i b r a t i o n   b e t w e e n  

r e l a t i v e   p o s i t i o n   of  t he   two  p a r t s   and  a x l e   l o a d i n g  

p r o v i d i n g   s u c h   r e l a t i v e   p o s i t i o n .  

The  p o s i t i o n   t r a n s d u c e r   may  c o m p r i s e :  

(a)  a  s e n s i n g   means   r e s p o n s i v e   to  the   i n c i d e n c e   of  a  

r a d i a n t   e n e r g y   beam  to  p r o v i d e   p r i m a r y   o u t p u t  

s i g n a l ;  

(b)  i l l u m i n a t i o n   means   p r o v i d i n g   such   a  b e a m ;  



(c)   an  i n t e r c e p t o r   member  c o n t r o l l i n g   i n c i d e n c e   o f  

t h e   beam  on  t h e   s e n s i n g   m e a n s ;  

(d)  m o u n t i n g   means   p r o v i d i n g   f o r   r e l a t i v e   d i s p l a c e -  

ment   b e t w e e n   t h e   i n t e r c e p t o r   member   and  t he   b e a m  

in  a  d i r e c t i o n   t r a n s v e r s e l y   of  t h e   l a t t e r ;   a n d  

(e)  i n p u t   means   f o r   r e c e i v i n g   and  t r a n s m i t t i n g   t o  

t he   i n t e r c e p t o r   member  a  d i s p l a c e m e n t   c o r e l a t e d  

to  t h a t   o c c u r i n g   r e l a t i v e l y   b e t w e e n   t h e   f i r s t  

and  s e c o n d   member s   of  t he   v e h i c l e   so  as  t o  

e s t a b l i s h   a  p r e d e t e r m i n e d   o u t p u t   s i g n a l   f o r   a  

p r e d e t e r m i n e d   a x l e   l o a d i n g .  

P r e f e r a b l y ,   t h e   i n t e r c e p t o r   member  i s   of  t h e   fo rm  i n  

a c c o r d a n c e   w i t h   t h e   f i r s t   a s p e c t   of  t h e   i n v e n t i o n   a n d / o r  

is   made  by  t h e   m e t h o d   in  a c c o r d a n c e   w i t h   t h e   s e c o n d  

a s p e c t   of  t h e   i n v e n t i o n   as  h e r e i n   d e f i n e d .  

T h u s ,   t h e   s e n s i n g   means   may  be  of  s u c h   f o r m ,   and  t h e  

window  means   of  t h e   b a r r i e r   l a m i n a   may  be  of  s u c h   a  

c o n f i g u r a t i o n ,   as  to   g e n e r a t e   a  b i n a r y   c o d e d   d i g i t a l  

o u t p u t   a t   o u t p u t   t e r m i n a l s   of  t he   s e n s i n g   m e a n s .  

To  p r o v i d e ,   r e l i a b l e   c h a n g e   f rom  any  g i v e n   b i n a r y  

c o d e d   number   t o  t h a t   n e x t   in  s e q u e n c e ,   t h e   c o n f i g u r a t i o n  

of  t h e   window  means   may  be  such   t h a t   t h e   d i g i t a l   o u t p u t  

f rom  the   s e n s i n g   means   i s   coded   in  Gray  fo rm  ( t h a t   i s  

s u c c e s s i v e   b y t e s   of  t h e   code  d i f f e r   o n l y   by  a  s i n g l e  

b i t ) ,   and  t he   a p p a r a t u s   i n c l u d e s   means   f o r   c o n v e r t i n g   t h e  

Gray  c o d e d   o u t p u t   to   a n o t h e r   d i g i t a l   c o d e d   o u t p u t   ( s u c h  

as  b i n a r y ) .  

A l t e r n a t i v e l y ,   t h e   s e n s i n g   means   may  be  of  s u c h  

f o r m ,   and  t h e   c o n f i g u r a t i o n   of  t he   w indow  means   may  b e  

s u c h   as  to  g e n e r a t e   a  b i n a r y   c o d e d   o u t p u t   a t   o u t p u t  

t e r m i n a l s   of  the   s e n s i n g   means  in  w h i c h   c e r t a i n   d i g i t a l  

o u t p u t s   f o r   s u c c e s s i v e   b y t e s   do  no t   n e c e s s a r i l y   i n v o l v e  

c h a n g e   of  o n l y   a  s i n g l e   b i t ,   and  c h a n g e   f rom  any  g i v e n  

b i n a r y   c o d e d   number   to  t h a t   n e x t   in  s e q u e n c e   may  b e  

c o n t r o l l e d   by  the   o u t p u t   s i g n a l s   f rom  a  f i r s t   s e n s o r  

e l e m e n t   of  t h e   s e n s i n g   m e a n s ,   p r o v i d i n g   t h e   l e a s t   s i g n i -  

f i c a n t   b i t   of  t he   o u t p u t   s i g n a l ,   and  a  s u p p l e m e n t a r y  



s e n s o r   e l e m e n t   of   t he   s e n s i n g   means   in  t he   p a t h   of   t h a t  

zone  of   t he   window  means  e f f e c t i v e   r e l a t i v e   to  t h e   l e a s t  

s i g n i f i c a n t   b i t   bu t   s p a c e d   t h e r e f r o m   a l o n g   t h e   p a t h   o f  

d i s p l a c e m e n t   of  t he   i n t e r c e p t o r   member  by  s u c h   an  a m o u n t  

as  to  p r o v i d e   a  u n i q u e   c h a n g e   o v e r   p o i n t   of  o p e r a t i o n .  

T h i s   f o r m   of  t h e   i n v e n t i o n   may  be  e m p l o y e d   f o r   e x a m p l e  

when  i t   i s   d e s i r e d   to  use   a  fo rm  of  s e n s i n g   m e a n s   a n d  

window  c o n f i g u r a t i o n   p r o v i d i n g   a  b i n a r y   c o d e d   d e c i m a l  

o u t p u t .  

The  o u t p u t s   of  b o t h   s e n s o r s   may  be  c o m b i n e d   by  a  

c i r c u i t   or  c i r c u i t   e l e m e n t   o p e r a t i n g   in  an  e x c l u s i v e   OR 

mode  to   e f f e c t   s u c h   c o n t r o l .   G e n e r a l l y   i t   i s   c o n v e n i e n t  

to  use   a  s p a c i n g   of  (n  +  2)  x  d  w h e r e   n  i s   a  w h o l e   n u m b e r  

and  d  i s   d i s p l a c e m e n t   of  t he   i n t e r c e p t o r   member   t o  

p r o v i d e   c i r c u i t   c h a n g e   of  t he   l e a s t   s i g n i f i c a n t   d i g i t .  

A  f u r t h e r   a s p e c t   of  t h e   i n v e n t i o n   is   c o n c e r n e d   w i t h  

c o n t r o l   as  to   t he   a n g u l a r   p o s i t i o n   in  e l e v a t i o n   o f  

v e h i c l e   l a m p s   ( h e r e i n   c a l l e d   d r i v i n g   l a m p s )   and  e a c h  

p r o v i d i n g   a  f o r w a r d l y   d i r e c t e d   beam  f o r   i l l u m i n a t i n g   t h e  

r o a d w a y   a h e a d   of  t he   v e h i c l e .  

At  p r e s e n t   s u c h   d r i v i n g   l amps   can  be  moved  a n g u l a r l y  

by  m a n u a l l y   (o r   by  f o o t )   c o n t r o l l e d   d i p p i n g   means   b e t w e e n  

a  n o r m a l   f u l l   beam  or  "up"  p o s i t i o n   in  wh ich   t h e   beam  i s  

s u b s t a n t i a l l y   p a r a l l e l   to  a  l o n g i t u d i n a l   h o r i z o n t a l  

r e f e r e n c e   p l a n e   t a n g e n t i a l   to  t he   r o a d   e n g a g e m e n t   p o i n t s  

( a r e a s )   of  t h e   v e h i c l e   w h e e l s   and  a  " d i p p e d "   p o s i t i o n   i n  

w h i c h   t h e   beam  i s   i n c l i n e d   d o w n w a r d l y   in  a  f o r w a r d   d i r e c -  

t i o n   a t   an  a n g l e   such   as  to  r e d u c e   d a z z l e   to  t h e   d r i v e r s  

of  a p p r o a c h i n g   v e h i c l e s   (and  i s   n o r m a l l y   a l s o   r e d u c e d   i n  

i n t e n s i t y ) .  

In  b o t h   p o s i t i o n s   i n c r e a s e d   d a z z l e   can  be  c a u s e d   t o  

the   d r i v e r s   of  m u t u a l l y   a p p r o a c h i n g   v e h i c l e s   i f   t h e   a x l e  

l o a d i n g   of  e i t h e r   v e h i c l e   is   s u c h   as  to  p r o d u c e   an  u p w a r d  

t i l t   of  t h e   v e h i c l e   and  h e n c e   u p w a r d   t i l t   of  t he   t h e  

d r i v i n g   lamp  or  e a c h   of  same  in  a  d i r e c t i o n   f rom  r e a r   t o  

f r o n t   of  s u c h   v e h i c l e ,   r e l a t i v e l y   to  the   r e f e r e n c e   p l a n e .  



A c c o r d i n g   to   t he   f i f t h   a s p e c t   of  t h e   i n v e n t i o n   t h e r e  

is   p r o v i d e d   means   f o r   s e n s i n g   u p w a r d   t i l t   of  t h e   v e h i c l e  

r e l a t i v e l y   to   s a i d   r e f e r e n c e   p l a n e   and  f o r   p r o v i d i n g   a  

c o n t r o l   s i g n a l   in  r e s p o n s e   t h e r e t o ,   and  c o r r e c t i v e   m e a n s  

r e s p o n s i v e   to   s a i d   s i g n a l   f o r   b r i n g i n g   a b o u t ,   or  i n d i c a t -  

ing  the   n e c e s s i t y   f o r   m a k i n g   a  c o r r e c t i v e   a d j u s t m e n t   t o ,  

t h e   a n g u l a r   p o s i t i o n   of  the   v e h i c l e   l a m p s .  

The  means   f o r   s e n s i n g   t he   u p w a r d   t i l t   may  c o m p r i s e  

p o s i t i o n   t r a n s d u c e r s   a p p l i e d   r e s p e c t i v e l y   to  f r o n t   a n d  

r e a r   w h e e l s   of  t h e   v e h i c l e .   O u t p u t s   f rom  s u c h   p o s i t i o n  

t r a n s d u c e r s   may  be  f ed   to  t he   c o m p a r a t o r   means   p r o v i d i n g  

an  o u t p u t   r e p r e s e n t i n g   t i l t .   Such  o u t p u t   may  c o n t r o l   t h e  

o p e r a t i o n   of  c o r r e c t i v e   a d j u s t m e n t   means   or  t he   o p e r a t i o n  

of  i n d i c a t o r   m e a n s   w h i c h   i n d i c a t e   to  t he   v e h i c l e   d r i v e r  

or  a t t e n d a n t   t h e   r e q u i r e m e n t   f o r   e f f e c t i n g   m a n u a l   a d j u s t -  

ment   of  t he   or  e a c h   d r i v i n g   l a m p .  

The  v a r i o u s   a s p e c t s   of  t he   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d   by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e   to  t h e  

a c c o m p a n y i n g   d r a w i n g s ,   w h e r e i n : -  

FIGURE  1  i s   a  v iew  in  f r o n t   e l e v a t i o n   of  one  e m b o d i -  

ment   of  an  i n t e r c e p t o r   member  i n  a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n   and  made  by  the   m e t h o d   t h e r e o f ,   t o g e t h e r   w i t h   a  

s e q u e n c e   of  v i e w s   in  edge  e l e v a t i o n   i l l u s t r a t i n g   t h e  

m e t h o d   of  m a n u f a c t u r e ;  

FIGURE  2  i s   a  s c h e m a t i c   d i a g r a m   i l l u s t r a t i n g   a  

m e t h o d   of  c a l i b r a t i n g   a  p o s i t i o n   t r a n s d u c e r   f o r   d e t e r m i n -  

ing   v e h i c l e   a x l e   l o a d i n g   and  one  e m b o d i m e n t   of  a p p a r a t u s  

f o r   c a r r y i n g   o u t   t h e   m e t h o d ;  

FIGURE  3  i s   a  v i ew  s i m i l a r   to  F i g u r e   2  i l l u s t r a t i n g  

an  a l t e r n a t i v e   m e t h o d   and  e m b o d i m e n t   of  a p p a r a t u s ;  

F IGURE 4   i s   a  s c h e m a t i c   c i r c u i t   d i a g r a m   of  p a r t   o f  

the   a p p a r a t u s   of  F i g u r e   2  or  F i g u r e   3 ;  

FIGURE  5  i s   a  s c h e m a t i c   c i r c u i t   d i a g r a m   of  o n e  

c h a n n e l   of  t he   a p p a r a t u s   i l l u s t r a t e d   in  F i g u r e   4 ;  

FIGURES  6,  7,  8  a re   s c h e m a t i c   c i r c u i t   d i a g r a m s  

s h o w i n g   an  a l t e r n a t i v e   form  of  one  c h a n n e l   of  t h e  

a p p a r a t u s   i l l u s t r a t e d   in  F i g u r e   4 ;  



FIGURE  9  i s   a  s c h e m a t i c   c i r c u i t   d i a g r a m   s h o w i n g   o n e  

form  of  d i s p l a y   means   w h i c h   may  be  u s e d   in  t h e   a p p a r a t u s  

of  F i g u r e   4 ;  

FIGURE  10  i s   a  s c h e m a t i c   d i a g r a m   in  s i d e   e l e v a t i o n  

of  one  e m b o d i m e n t   of  v e h i c l e   and  a p p a r a t u s   f o r   c o n t r o l l -  

ing  a n g u l a r   a d j u s t m e n t   of  the   d r i v i n g   l a m p s   t h e r e o f .  

R e f e r r i n g   f i r s t l y   to  F i g u r e   1  and  t h e   v i e w s   A  to  E 

t h e r e o f ,   t h e   i n t e r c e p t o r   member  t h e r e i n   i l l u s t r a t e d   i s  

i n t e n d e d   to  f o rm  p a r t   of  a  p o s i t i o n   t r a n s d u c e r .   S u c h  

i n t e r c e p t o r   member   10  i s   of  p l a t e - l i k e   fo rm  and  w h e n  

i n c o r p o r a t e d   in  a  p o s i t i o n   t r a n s d u c e r   w o u l d   be  m o u n t e d   o n  

the   body  or  s u p p o r t i n g   means   t h e r e o f   f o r   p i v o t a l   m o v e m e n t  

in  i t s   own  p l a n e   a b o u t   an  a x i s   11,  t he   p o s i t i o n   t r a n s -  

d u c e r   i n c l u d i n g   an  a r r a y   of  l i g h t   s o u r c e s   s u c h   as  l i g h t  

e m i t t i n g   d i o d e s   ( L E D ' s )   d i s p o s e d   c l o s e l y   a d j a c e n t   to  o n e  

f a c e   of  t h e   i n t e r c e p t o r   member  and  an  a r r a y   of  p h o t o  

s e n s i t i v e   e l e m e n t s   ( s u c h   as  p h o t o   t r a n s i s t o r s )   in  c o r r e s -  

p o n d i n g   p o s i t i o n s   a d j a c e n t   to  t he   o p p o s i t e   f a c e   of  t h e  

i n t e r c e p t o r   m e m b e r .  

T h u s ,   in  t h e   e m b o d i m e n t   i l l u s t r a t e d ,   t h e   i n t e r -  

c e p t o r   member   has   s i x   a n n u l a r   z o n e s   12a  t o   1 2 f ,   a  p a i r   o f  

e l e m e n t s ,   one  p r o v i d i n g   a  l i g h t   s o u r c e   and  t h e   o t h e r   a  

l i g h t   r e s p o n s i v e   e l e c t r i c a l   o u t p u t   w o u l d   be  d i s p o s e d   a t  

o p p o s i t e   f a c e s   of  t he   i n t e r c e p t o r   member  in  e a c h   of  t h e  

z o n e s .  

C o n s t r u c t i o n a l l y   t he   i n t e r c e p t o r   member   c o m p r i s e s ,  

as  s e e n   p a r t i c u l a r l y   in  v iew  E  of  F i g u r e   1,  a  s u b s t r a t e  

or  s u p p o r t i n g   l a m i n a   13  made  f rom  a  m a t e r i a l   w h i c h   w i l l  

p e r m i t   of  t r a n s m i s s i o n   t h e r e t h r o u g h   of  t h e   r a d i a n t   e n e r g y  
which   s t i m u l a t e s   t h e   l i g h t   r e s p o n s i v e   e l e m e n t   or  e l e m e n t s  

e m p l o y e d .   The  t e r m   l i g h t   i s   u sed   h e r e i n   to  d e n o t e  

r a d i a t i o n   a b o v e ,   w i t h i n ,   and  b e l o w ,   t he   v i s i b l e   s p e c t r u m .  

In  some  c a s e s ,   l i g h t   w i t h i n   the   v i s i b l e   s p e c t r u m   may  b e  

used   w i t h o u t   d e t r i m e n t ,   bu t   in  o t h e r   c a s e s ,   w h e r e  

e x t r a n e o u s   v i s i b l e   l i g h t   s o u r c e s   m i g h t   i n t e r f e r e   w i t h   t h e  

p r o p e r   o p e r a t i o n   of  t he   p o s i t i o n   t r a n s d u c e r   or  o t h e r  

a p p l i c a t i o n   o f   t h e   i n t e r c e p t o r   member ,   a  l i g h t   s o u r c e  



p r o v i d i n g   r a d i a t i o n   o u t s i d e   t he   v i s i b l e   s p e c t r u m ,   f o r  

e x a m p l e   in  the   i n f r a - r e d   s p e c t r u m ,   may  be  u s e d .  

A  s u b s t r a t e   l a m i n a   13  w h i c h   i s   s u i t a b l e   f o r   a  w i d e  

v a r i e t y   of  l i g h t   s o u r c e s   i s   one  c o m p o s e d   of  p o l y e s t e r  

r e i n f o r c e d   g l a s s   f i b r e .   T h i s   t h i c k n e s s   t h e r e o f   is   n o t  

c r i t i c a l   bu t   i s   d e t e r m i n e d   by  s t r e n g t h   and  s t i f f n e s s  

r e q u i r e m e n t   would   t y p i c a l l y   be  a b o u t   0 , 5   to  1 . 0  

m i l l i m e t r e s   t h i c k n e s s .  

C a r r i e d   by  the   s u b s t r a t e   l a m i n a   13  i s   a  b a r r i e r  

l a m i n a   14.   I t   i s   p r e f e r r e d   t h a t   t h i s   be  made  of  m e t a l  

and  a  p a r t i c u l a r l y   s u i t a b l e   m e t a l   i s   c o p p e r   f o i l .   I t   may 

be  a p p l i e d   in  s h e e t   form  to  t he   s u b s t r a t e   l a m i n a   13  a n d  

c a u s e d   to   a d h e r e   t h e r e t o   in  any  s u i t a b l e   m a n n e r   such   a s  

by  t h e   use   of  an  a d h e s i v e   or  by  a p p l y i n g   i t   to  t h e  

s u b s t r a t e   l a m i n a   when  t h e   l a t t e r   i s   in  a  p h y s i c a l   s t a t e  

to  e n t e r   i n t o   an  a d h e r e n t   or  b o n d e d   r e l a t i o n   w i t h   t h e  

f o i l .   T y p i c a l l y ,   when  c o p p e r   f o i l   i s   e m p l o y e d ,   i t   w o u l d  

have   a  t h i c k n e s s   of  0 . 0 0 2   to  0 . 0 0 3   m i l l i m e t r e s .  

The  i n t e r c e p t o r   member  i n c l u d e s   window  m e a n s ,   w h i c h  

in  t h e   e m b o d i m e n t   i l l u s t r a t e d ,   c o m p r i s e   a n n u l a r   w i n d o w  

e l e m e n t s   of  v a r y i n g   l e n g t h s   in  e a c h   o f  t h e   z o n e s   12a  t o  

1 2 f .   T y p i c a l   window  e l e m e n t s   in  t h e   z o n e   12a  a r e  

i n d i c a t e d   in  s u c c e s s i v e   p o s i t i o n s   a t   1 3 a l   and  13a2  w i t h  

c o r r e s p o n d i n g   d e s i g n a t i o n s   f o r   t h e   o t h e r   z o n e s   12b  t o  

1 2 f .   The  window  means  i l l u s t r a t e d   p r o v i d e   o u t p u t s   f r o m  

the   s i x   l i g h t   r e s p o n s i v e   e l e m e n t s   in  t he   z o n e s   12a  to  1 2 f  

in  a c c o r d a n c e   w i t h   a  b i n a r y   c o d e d   d e c i m a l   o u t p u t   b u t  

o t h e r   c o n f i g u r a t i o n s   of  window  means   may  be  u t i l i s e d .  

For   e x a m p l e ,   some  a d v a n t a g e s   a r e   a c h i e v e d   by  t h e   use  of  a  

Gray  c o d e d   o u t p u t   as  h e r e i n a f t e r   s p e c i f i c a l l y   m e n t i o n e d .  

A l s o   d i f f e r e n t   u s e s   of  i n t e r c e p t o r   member   in  a c c o r d a n c e  

w i t h   t h e   i n v e n t i o n   and  o t h e r   f o r m s   of  w indow  means   may  b e  

r e q u i r e d .  

R e f e r r i n g   now  to  t he   m e t h o d   of  m a k i n g   the   i n t e r -  

c e p t o r   member ,   and  r e f e r r i n g   to  v iew  B,  t h e   m e t a l   f o i l   14  

is   i n i t i a l l y   c o a t e d   w i t h   a  r e s i s t   w h i c h   i s   r e s p o n s i v e   t o  

i n c i d e n c e   o f  a n   " o p t i c a l "   image  to  u n d e r g o   a  c h a n g e   s u c h  



t h a t   c e r t a i n   a r e a s   of  t he   r e s i s t ,   n a m e l y   t h o s e   in  w h i c h  

t h e   w i n d o w s   a r e   to  be  f o r m e d   in  t he   m e t a l   f o i l ,   a r e  

c o n v e r t e d   i n t o   a  form  in  w h i c h   t h e y   a r e   c a p a b l e   o f  

e r o s i o n   by  a  s e l e c t e d   a g e n t .   The  t e c h n i q u e   i s   known  i n  

t h e   p r o d u c t i o n   of  e l e c t r i c a l   p r i n t e d   c i r c u i t   b o a r d s .   A 

t y p i c a l   r e s i s t   s o l d   u n d e r   p r o p r i e t o r y   d e s i g n a t i o n s   of  t h e  

Kodak  Company  L i m i t e d   may  be  u t i l i s e d ,   n a m e l y   KPR 

( c h l o r i n a t e d   r u b b e r   in  x y l e n e   b a s e )   and  KPC  ( r e s i n   in   a  

b e n z i n e   b a s e ) .  

A f t e r   d e g r e a s i n g   t he   f o i l   u s i n g   t r i c h l o r o e t h y l e n e ,  

a  f i l m   of  t he   r e s i s t   s o l u t i o n   i s   a p p l i e d   e i t h e r   b y  

d i p p i n g   or  b r u s h i n g ,   f i l m   t h i c k n e s s   t y p i c a l l y   b e i n g  

b e t w e e n   0 . 0 0 0 4   and  0 . 0 0 2   m i l l i m e t r e s .   The  c o m p o s i t e  

s u b s t r a t e   l a m i n a   f o i l   and  d r i e d   r e s i s t   c o a t i n g   i s   t h e n  

e x p o s e d   to  u l t r a - v i o l e t   l i g h t   t h r o u g h   an  image  f o r m i n g  

l e n s   s y s t e m   (or   by  c o n t a c t   w i t h   a  n e g a t i v e   h a v i n g   t h e  

c o n f i g u r a t i o n   of  t he   window  a r e a s   r e q u i r e d )   and  t h e   a r e a s  

e x p o s e d   to  t he   u l t r a - v i o l e t   l i g h t   become  p o l y m e r i s e d   i n  

w h i c h   c o n d i t i o n   t h e y   a r e   r e l a t i v e l y   i n s o l u b l e   to  t h e  

e r o d i n g   a g e n t   s u b s e q u e n t l y   e m p l o y e d ,   n a m e l y   t r i c h l o r o -  

e t h y l e n e .   T h e s e   a r e   t he   a r e a s   i n d i c a t e d   a t   1 5 i ,   1521  15o  
in  v i ew   C,  t h e   r e m a i n i n g   a r e a s   161,  162  b e i n g   u n p o l y -  

m e r i s e d   and  p o t e n t i a l l y   s o l u b l e   to   t r i c h l o r o e t h y l e n e .  

As  shown  in  v iew  D,  t h e   e x p o s e d   s u r f a c e   of  t h e  

r e s i s t   i s   t h e n   b r o u g h t   i n t o   c o n t a c t   w i t h   t r i c h l o r e t h y l e n e  

p r e f e r a b l y   by  a  v a p o u r   i m m e r s i o n   p r o c e s s ,   t h a t   i s   to   s a y  
i t   i s   i n s e r t e d   c o l d   i n t o   a  c o n t a i n e r   of   t r i c h l o r o e t h y l e n e  

v a p o u r ,   and  s u c h   v a p o u r   c o n d e n s e s   on  i t   t h u s   h a v i n g   a  

h i g h   d e g r e e   of  p u r i t y .   The  n o n - p o l y m e r i s e d   a r e a s   a r e  

d i s s o l v e d   l e a v i n g   the   r e s i s t   a r e a s   151,  152,  153  i n  

b e i n g .  

For   i m p r o v e d   a c c u r a c y ,   t h e   n e g a t i v e   of  t he   w i n d o w  

a r e a   may  be  p r o d u c e d   to  an  e n l a r g e d   s c a l e ,   f o r   e x a m p l e  

f i v e   to  t w e n t y   t i m e s   t he   s c a l e   of  the   window  a r e a  

u l t i m a t e l y   r e q u i r e d ,   and  t h e   l e n s   means   p r o d u c i n g   t h e  

o p t i c a l   image  r e d u c e s   t he   o b j e c t   a r e a   to  t he   a p p r o p r i a t e  

s i z e ,   t he   p l a n e   of  i n c i d e n c e   p r e s e n t e d   by  the   r e s i s t   15 

in  View  C. 



The  a r e a s   of  f o i l   14  w h i c h   a r e   e x p o s e d   t h r o u g h   t h e  

now  r e m o v e d   u n p o l y m e r i s e d   a r e a s   161,  162  as  s e e n   in  v i e w  

D  a r e   s u b j e c t e d   to  e t c h i n g   by  an  a g e n t ,   f e r r i c   c h l o r i d e  

b e i n g   s u i t a b l e   f o r   c o p p e r   f o i l ,   w h i c h   w i l l   e n t i r e l y  

r e m o v e   the   f o i l   in  t he   window  a r e a s   and  p r o d u c e   t h e  

w i n d o w s   171,  172  as  shown  in  v iew  E .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   t h i c k n e s s   of  t h e  

v a r i o u s   l a m i n a e   and  r e s i s t   l a y e r   has   b e e n   e x a g g e r a t e d   f o r  

c l a r i t y   in  v i e w s   B  to   E.  The  f a c t   t h a t   t he   u n e t c h e d  

a r e a s   of  t he   f o i l   may  r e t a i n   t h e i r   c o a t i n g   of  r e s i s t   i n  

t h e   p o l y m e r i s e d   c o n d i t i o n   i s   i m m a t e r i a l   due  to  t h e  

e x t r e m e   t h i n n e s s .  

A  p a r t i c u l a r   a p p l i c a t i o n   of  an  i n t e r c e p t o r   m e m b e r  

s u c h   as  t h a t   d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g u r e   1,  i s   t o  

a  p o s i t i o n   t r a n s d u c e r   p r o v i d i n g   an  e l e c t r i c a l   s i g n a l .  

Such   p o s i t i o n   t r a n s d u c e r   may  be  u t i l i s e d   in  a  m e t h o d   o f ,  

and  as  p a r t   of  t h e   a p p a r a t u s   f o r ,   d e t e r m i n i n g   the   a x l e  

l o a d i n g   of  a  m o t o r   r o a d   v e h i c l e   s u c h   as  a  l o r r y ,   and  t h e  

f o l l o w i n g   d e s c r i p t i o n   r e l a t e s   to  s u c h  a n   a p p l i c a t i o n   o f  

t h e   i n t e r c e p t o r   member  and  i s   i l l u s t r a t e d   d i a g r a m m a t -  

i c a l l y   in  F i g u r e s   2  to  4 .  

R e f e r r i n g   to  F i g u r e   4,  a  p o r t i o n   of  t he   i n t e r c e p t o r  

member   10  is  shown  f o r   c o n v e n i e n c e   in  a  f r o n t a l   v i e w ,  

a l t h o u g h   in  p r a c t i c e   i t   wou ld   be  m o u n t e d   f o r   a n g u l a r  

m o v e m e n t   a b o u t   an  a x i s   c o - a x i a l   w i t h   t h e   c o n c e n t r i c  

a n n u l a r   z o n e s   12a  to  12f   b e t w e e n   an  a r r a y   of  l i g h t  

e m i t t i n g   e l e m e n t s   such   as  LED's   18a  to  18f   and  an  a r r a y  
of   l i g h t - s e n s i t i v e   e l e m e n t s   such   as  p h o t o   t r a n s i s t o r s   1 9 a  

to  19 f   in  a  p l a n e   p e r p e n d i c u l a r   to  t h e   p a t h   of  l i g h t   r a y s  
b e t w e e n   c o r r e s p o n d i n g   e l e m e n t s   18a ,   19a  to  1 8 f ,   1 9 i .  

Each   p h o t o - s e n s i t i v e   e l e m e n t   19a  to  19f   i s   t h u s   e i t h e r  

e x p o s e d   e x c l u s i v e l y   to  i t s   p a r t i c u l a r   LED  18a  to  18f   o r  

e c l i p s e d   t h e r e f r o m   a c c o r d i n g   to  w h e t h e r   the  beam  i s  

i n t e r c e p t e d   by  a  n o n - w i n d o w   or  m a s k i n g   a r e a   or  p a s s e s  

t h r o u g h   a  window  a r e a   of  the   i n t e r c e p t o r   member .   F o r  

c o n v e n i e n c e   in  t he   d r a w i n g ,   o n l y   t h e   two  o u t e r m o s t   z o n e s  

12a ,   12f   a r e  r e f e r e n c e d   in  F i g u r e   4  and  o n l y   the   c o r r e s -  



p o n d i n g   p a i r s   of  LED' s   and  p h o t o   t r a n s i s t o r s   18a ,   1 9 a ,  

1 8 f ,   1 9 f .   T h e r e   may  be  d i s p o s e d   a d j a c e n t   to  t h e   a r r a y   o f  

l i g h t - s e n s i t i v e   e l e m e n t s   1 9 a - 1 9 f   a  f i x e d   mask  h a v i n g  

n a r r o w   s l i t - l i k e   window  a r e a s   a r r a n g e d   m e d i a l l y   o f  

r e s p e c t i v e   e l e m e n t s   19a  to   19 f .   The  m o v a b l e   i n t e r c e p t o r  

member   10  may  be  d i s p o s e d   c l o s e l y   a d j a c e n t   to  t h e   f a c e   o f  

t h e   f i x e d   mask  r e m o t e   f rom  t he   e l e m e n t s   19a  to  1 9 f .   T h i s  

a r r a n g e m e n t   p r o v i d e s   s h a r p   t r a n s i t i o n   f rom  an  i l l u m -  

i n a t e d   to  an  e c l i p s e d   c o n d i t i o n   in  r e s p e c t   of  t he   l i g h t  

r e s p o n s i v e   e l e m e n t s   r e l a t i v e   to  t h e i r   i l l u m i n a t i n g  

e l e m e n t s   18a  to  18f  r e s p e c t i v e l y .  

The  c o d i n g   p r o v i d e d   by  t he   window  a r e a s   of  t h e  

i n t e r c e p t o r   may,  as  in  t he   i l l u s t r a t e d   e x a m p l e ,   be  a  

b i n a r y   d i g i t a l   c o d i n g   or  i t   may  be  a  G r a y - c o d e d   d i g i t a l  

o u t p u t .   T h i s   l a t t e r   has   t he   c h a r a c t e r i s t i c   t h a t   c h a n g e  

f rom  each   v a l u e   r e p r e s e n t e d   by  t h e   code   to  t he   n e x t  

s u c c e s s i v e   v a l u e   e n t a i l s   t r a n s i t i o n   f rom  an  i l l u m i n a t e d  

c o n d i t i o n   to  an  e c l i p s e d   c o n d i t i o n   in  o n l y   one  of  t h e  

z o n e s   12a  to  12b .   When  t he   i n t e r c e p t o r   e l e m e n t   i s  

b i n a r y - c o d e d   ( p o s s i b l y   in  a c c o r d a n c e   w i t h   BCD)  c h a n g e s  

b e t w e e n   c e r t a i n   s u c c e s s i v e   " w o r d s "   or  " b y t e s "   e a c h  

i n v o l v e s   m u l t i p l e   c h a n g e s   of  s t a t e   in  t he   z o n e s   12a  t o  

12f  and  h e n c e   in  t h e   p h o t o - t r a n s i s t o r   a r r a y   1 9 a ,   l g f .  

U n l e s s   such   c h a n g e s   o c c u r   a b s o l u t e l y   s i m u l t a n e o u s l y   i n  

r e s p e c t   of  a l l   t h o s e   p h o t o - t r a n s i s t o r s   w h i c h   u n d e r g o   a  

c h a n g e ,   t h e n   m o m e n t a r i l y   t h e   a r r a y   w i l l   p a s s   t h r o u g h   o n e  

or  more  " w o r d s "   or  " b y t e s "   r e p r e s e n t i n g   a  number   q u i t e  

u n r e l a t e d   to  t he   two  s u c c e s s i v e   n u m b e r s   e s t a b l i s h e d  

b e f o r e   and  a f t e r   t h e   c h a n g e   and  may  g i v e   r i s e   to  e r r o r s .  

T h i s   r i s k   is   a v o i d e d   by  t h e   use   of  a  G r a y - c o d e d   i n t e r -  

c e p t o r   m e m b e r .  

As  shown  in  F i g u r e   4,  t he   i n t e r c e p t o r   member  10  i s  

i n t e n d e d   to  be  G r a y - c o d e d   ( o n l y   a  p o r t i o n   of  s u c h   c o d e  

b e i n g   shown)  and  t h e   p a r t   of  t he   c i r c u i t r y   to  t he   r i g h t  

of  the   p h o t o   t r a n s i s t o r   a r r a y   19a  to  19f   i s   of  a  f o r m  

w h i c h   would  be  ' a p p r o p r i a t e   to  Gray  c o d i n g   of  t h e  

i n t e r c e p t o r   m e m b e r .  



T h u s ,   t h e   i n d i v i d u a l   p h o t o   t r a n s i s t o r s   19a  to  1 9 f  

a re   c o n n e c t e d   to  r e s p e c t i v e   c h a n n e l s   c o n t a i n i n g  

a m p l i f i e r s   shown  as  a  u n i t   21.  T h e r e a f t e r   t he   c h a n n e l s  

f e e d   a  c o n v e r s i o n   c i r c u i t   G r a y - t o - b i n a r y   c o d i n g   22  w h i c h  

in  t u r n   has   c h a n n e l s   c o n n e c t e d   to  a  b i n a r y / d e c i m a l  

c o n v e r t e r   c i r c u i t   23.  The  l a t t e r   i s   c o n n e c t e d   to  a  

d e c i m a l   d i s p l a y   means   24,  f o r   e x a m p l e   d i s p l a y i n g   n u m e r a l s  

by  way  of  s e v e n - s e g m e n t   d i s p l a y   e l e m e n t s   w i t h   t h e  

s e g m e n t s   e f f e c t i v e l y   i l l u m i n a t e d .  

To  p r o v i d e   an  a n a l o g u e   d i s p l a y ,   t h e   o u t p u t   f rom  t h e  

c o n v e r t e r   22  i s   a l s o   f ed   to  a  f u r t h e r   a m p l i f i e r   shown  a s  

a  b l o c k   25  bu t   w h i c h   may  c o n t a i n   i n d i v i d u a l   a m p l i f i e r s   i n  

the   r e s p e c t i v e   c h a n n e l s .   T h i s   in  t u r n   i s   c o n n e c t e d   to  a  

d i g i t a l   to  a n a l o g u e   c o n v e r t e r   c i r c u i t   26  p r o v i d i n g   a n  

o u t p u t   to  an  a n a l o g u e   d i s p l a y   means   27  w h i c h   may  be  o f  

the  s c a l e   and  p o i n t e r   t y p e .  

An  i n d i v i d u a l   c i r c u i t   c h a n n e l   i s   i l l u s t r a t e d   i n  

F i g u r e   5,  t h i s   b e i n g   of   a  form  a p p r o p r i a t e   to  the   use   o f  

a  G r a y - c o d e d   i n t e r c e p t o r   member  10  p i v o t a l l y   m o u n t e d  

a b o u t   an  a x i s   11.  As  shown ,   t he   mask  i n t e r v e n e s   b e t w e e n  

l i g h t   s o u r c e   18a  and  p h o t o - s e n s i t i v e   e l e m e n t   19a  w h i c h  

f e e d s   i n t e g r a t e d   c i r c u i t   a m p l i f i e r   21a l   and  a  D a r l i n g t o n  

p a i r   2 1 a 2 .   The  o u t p u t s   f rom  a l l   D a r l i n g t o n   p a i r s   s u c h   a s  

21a2  a r e   c o n n e c t e d   to  one  g a t e   of  an  e x c l u s i v e   OR  g a t e  

such   as  22a ,   t h e   o t h e r   i n p u t   of  w h i c h   i s   c o n n e c t e d   to  t h e  

n e x t   s u c c e e d i n g   c h a n n e l   f o r   h a n d l i n g   t h e   n e x t   h i g h e s t  

d i g i t   o u t p u t   d e r i v e d   f rom  p h o t o   t r a n s i s t o r   19b  ( n o t  

s h o w n ) .   The  c o n n e c t i o n   would   be  to  t h e   l i n e   j o i n i n g   t h e  

D a r l i n g t o n   p a i r   21b2  to  t h e   i n p u t   of   e x c l u s i v e   OR  g a t e  

22b  and  so  on  f o r   t he   s e r i e s   of  e x c l u s i v e   OR  g a t e s   w h i c h  

c o l l e c t i v e l y   c o n s t i t u t e   t h e  u n i t   22  shown  in  F i g u r e   4 .  

The  o u t p u t s   f rom  the   e x c l u s i v e   OR  g a t e s   22a ,   2 2 f  

c o l l e c t i v e l y   form  a  b i n a r y - c o d e d   o u t p u t ,   the   i n d i v i d u a l  

s i g n a l s   a m p l i f i e d   in  a m p l i f i e r   such   as  24a  and  s u b j e c t e d  

to  d i g i t a l - t o - a n a l o g u e   c o n v e r s i o n   in  a  c o n v e r t e r   2 6 a  

which   a g a i n   r e p r e s e n t s   m e r e l y   t he   p a r t   of  t he   c o n v e r t e r  

s e l e c t i v e l y   shown  a t   26  in  F i g u r e   4.  F i n a l l y ,   o u t p u t  



f rom  a l l   c i r c u i t s   s u c h   as  26a  f e e d   an  a n a l o g u e   d i s p l a y  

means   2 7 .  

In  F i g u r e   6  t h e r e   i s   i l l u s t r a t e d   a  s i n g l e   c h a n n e l  

a g a i n   c o n n e c t e d   to  t h e   p a i r   of  e l e m e n t s   18a ,   1 9 a  

a p p r o p r i a t e   to  an  a r r a n g e m e n t   w h e r e   t h e   i n t e r c e p t o r  

member   i s   b i n a r y - c o d e d   as  shown  f o r   e x a m p l e   in  F i g u r e   1 .  

T h i s   c h a n n e l   (and  a l l   t h e   o t h e r   c h a n n e l s )   i n c l u d e   m e a n s  

f o r   a v o i d i n g   or  r e d u c i n g   t h e   d i f f i c u l t i e s   w h i c h   may  a r i s e  

in  t r a n s i t i o n   f rom  one  b i n a r y - c o d e d   n u m b e r   to  t he   n e x t  

s u c c e s s i v e   number   whe re   m u l t i p l e   c h a n g e s   of  s t a t e   . o f  

l i g h t - s e n s i t i v e   e l e m e n t s   in  t he   a r r a y   19a  to  19f   a r e  

e n t a i l e d .  

For   t h i s   p u r p o s e ,   a  f u r t h e r   l i g h t   s o u r c e   1 8 a 1 ,   w h i c h  

may  be  an  LED,  and  f u r t h e r   l i g h t - s e n s i t i v e   e l e m e n t   1 9 a 1  

w h i c h   may  be  a  p h o t o - t r a n s i s t o r   a r e   p r o v i d e d ,   w i t h   t h e  

r e s u l t a n t   beam  b e t w e e n   18a l   and  19a1  a r r a n g e d   to  t r a v e r s e  

t h e   a n n u l a r   zone  12a  of  t h e   i n t e r c e p t o r   m e m b e r ,   bu t   a t   a  

p o s i t i o n   a l o n g   t h a t   p a t h   s p a c e d   f rom  t h e   p a i r   of  e l e m e n t s  

1 8 a ,   19a  by  a  d i s t a n c e   e q u a l   to   (n  +  1 2)  x  d,  where   n  i s   a  

w h o l e   n u m b e r   and  d  is   t h e   d i s p l a c e m e n t   of  t h e   i n t e r c e p t o r  

member   to  p r o v i d e   a  c i r c u i t   c h a n g e   of  t he   l e a s t  

s i g n i f i c a n t   d i g i t   i . e .   e q u a l   to  t he   a n n u l a r   l e n g t h  

b e t w e e n   t h e   c e n t r e s   of  s u c c e s s i v e   window  a r e a s   in  z o n e  

1 2 a .  

The  o u t p u t s   f rom  e l e m e n t s   19a  and  19a1  a r e   c o n n e c t e d  

to  t he   i n p u t s   of  an  e x c l u s i v e   OR  g a t e   28  wh ich   w i l l  

d e v e l o p   a  h i g h   or  "1"  a t   i t s   o u t p u t   o n l y   when  the   i n p u t s  

f rom  1 9 a ,   19a l   a r e   d i f f e r e n t ,   t h a t   i s   "0"  and  "1"  or  " 1 "  

and  " 0 " .  

Thus  i f   the   e l e m e n t   19a  i s   s i t u a t e d   in  a l i g n m e n t  

w i t h   t he   c e n t r e   of  a  window  a r e a ,   as  shown  in  F i g u r e   7 

( f o r   c o n v e n i e n c e   r a d i a l l y   b e y o n d   window  a r e a   a l t h o u g h  

a c t u a l l y   b e h i n d   i t )   and  e l e m e n t   19a l   i s   s i t u a t e d   i n  

a l i g n m e n t   w i t h   t he   c e n t r e   of  a  m a s k i n g   a r e a   in  the   z o n e  

12a ,   t h e n   t h e o r e t i c a l l y   19a  and  19a l   w i l l   have   the   s a m e  

" s p r e a d "   of  s e n s i t i v i t y   in  a  d i r e c t i o n   l e n g t h w i s e   of  t h e  

t r a v e l   of  t he   i n t e r c e p t o r   member  or  mask  and  19a  w i l l  



become  "0"  a t   e x a c t l y   t h e   same  i n s t a n t   as  19a1  b e c o m e s  

" 1 " .   In  p r a c t i c e ,   t h e   " s p r e a d "   w i l l   n e v e r   be  q u i t e   t h e  

same  and  c o n s e q u e n t l y   t h e r e   w i l l   be  an  i n s t a n t   of  t i m e  

which   b o t h   1 9 a l   and  19a  a r e   b o t h   "0"  or  b o t h   " 1 " .  

However ,   by  p r o v i d i n g   a  b i s t a b l e   c i r c u i t   29a ,   t he   i n p u t  

291  which   h a s   to  be  a t   "1"  b e f o r e   t h e r e   i s   any  t r a n s -  

m i s s i o n   t h r o u g h   t he   c h a n n e l   f rom  t he   D a r l i n g t o n   p a i r   2 1 a 2  

to  the   d i g i t a l - t o - a n a l o g u e   c o n v e r t e r   26a  t h e   " s p r e a d "   o r  

v a r i a t i o n   of  p o s i t i o n   of  t he   i n t e r c e p t o r   or  mask  o v e r  

which   19a  and  19a1  have   b o t h   u n d e r g o n e   a  c h a n g e   of  s t a t e  

is   h a l v e d ,   c o m p a r e d   w i t h   t h a t   w h i c h   would   o b t a i n   were   t h e  

c h a n g e o v e r   to   be  d e t e r m i n e d   s o l e l y   by  t h e   c h a n g e o v e r   t i m e  

of  1 9 a .  

M o r e o v e r ,   i f   t he   o u t p u t   f rom  the   e x c l u s i v e   OR  g a t e  

28  is  a p p l i e d   to  a l l   of  t h e   b i s t a b l e   c i r c u i t s ,   s u c h   a s  

29a ,   o p e r a t i n g   in  c h a n n e l s   c o n n e c t e d   to  p h o t o - s e n s i t i v e  

e l e m e n t s   19b  to  1 9 f ,   t h e n   t he   r i s k   of  n o n - c o i n c i d e n t a l  

c h a n g e - o v e r   i n s t a n t s   in  e a c h   of  the   more  s i g n i f i c a n t  

d i g i t   c h a n n e l s ,   and  the   l i k e l i h o o d   of  a  f a l s e   d i g i t a l  

code  b e i n g   f e d   t r a n s i t o r a l l y   to  t he   d i g i t a l - t o - a n a l o g u e  

c o n v e r t e r s   26a  to  26f   i s   v e r y   much  r e d u c e d .  

A  s t i l l   f u r t h e r   r e f i n e m e n t   can  be  a c h i e v e d   as  i l l u s -  

t r a t e d   in  F i g u r e   8  by  s p l i t t i n g   the   zone   12a  i n t o   t w o  

s e c t i o n s .  o f   w h i c h   t h e   i n n e r   one  has   window  a r e a s ,   b e h i n d  

which   the  e l e m e n t   19a  i s   d i s p o s e d   ( f o r   c o n v e n i e n c e   s h o w n  

at   the   i n n e r   b o u n d a r y )   and  an  o u t e r   s e c t i o n ,   b e h i n d   w h i c h  

the   e l e m e n t   19a1  is   d i s p o s e d   ( f o r   c o n v e n i e n c e   shown  a t  

t he   o u t e r   b o u n d a r y ) .   The  window  a r e a s   in  t he   o u t e r  

s e c t i o n   a r e   of  r e d u c e d   w i d t h   c o m p a r e d   w i t h   t h o s e   of  t h e  

i n n e r   s e c t i o n   as  i n d i c a t e d   t y p i c a l l y   a t   13a4  and  1 3 ' a 4 .  

A c c o r d i n g l y ,   a  "1"  s t a t e   can  be  e s t a b l i s h e d   a t   t he   o u t p u t  
of  the  e x c l u s i v e   OR  g a t e   u n i t   28  o n l y   i f   p h o t o - s e n s i t i v e  

e l e m e n t   19a l   i s   n e a r l y   f u l l y   e x p o s e d   by  the   n a r r o w   w i n d o w  

a r e a   1 3 ' a 4 .   T h i s   s t i l l   f u r t h e r   r e d u c e s   t he   l i k e l i h o o d   o f  

a  f a l s e   d i g i t a l   code  b e i n g   e s t a b l i s h e d   in  b e t w e e n   t w o  

c o r r e c t   s u c c e s s i v e   d i g i t a l   c o d e s .   As  an  a l t e r n a t i v e ,   t h e  

zone  12a  may  have   window  a r e a s   a c r o s s   i t s   who le   w i d t h  



w h i c h   a r e   of  t he   n a r r o w   form  as  shown  a t   1 3 ' a 4   and  t h e s e   w i l l  

t h e n   g e n e r a t e   b o t h   the   t r i g g e r   s i g n a l   f rom  p h o t o s e n s i t i v e  

e l e m e n t   19a2  and  the   l e a s t   s i g n i f i c a n t   d i g i t   s i g n a l   f r o m  

p h o t o s e n s i t i v e   e l e m e n t   1 9 a .  

F i g u r e   9  shows  a  p a r t i c u l a r l y   s i m p l e   and  c l e a r   f o r m  

of  d i s p l a y   means   wh ich   may  be  e m p l o y e d   as  t h e   d i s p l a y  

m e a n s   27  f o r   f u r n i s h i n g   i n d i c a t i o n   of  t h e   a x l e s   l o a d i n g  

of  say   two  w h e e l s   f r o n t   and  r e a r .   The  d i s p l a y   m e a n s  

c o m p r i s e s   two  a r r a y s   90,  91  of  e l e c t r i c a l l y   e n e r g i s e d  

l i g h t   f u r n i s h i n g   e l e m e n t s   s u c h   as  LED' s   9 0 a  -   90i   and  9 1 a  

-  91i   f ed   f rom  r e s p e c t i v e   d r i v e r   u n i t s   92,  93  r e c e i v i n g  

a n a l o g u e   i n p u t s   ( D . C . )   on  l i n e s   94,  95  f r o m   p o s i t i o n  

t r a n s d u c e r s   s u c h   as  34,  37  r e p r e s e n t i n g   a x l e   l o a d s   o n  

f r o n t   and  r e a r   w h e e l s .  

The  d r i v e r   u n i t s   a r e   c o n n e c t e d   to   t h e   d i s p l a y   a r r a y s  

90,   91  in  a  m a n n e r   to  p r o v i d e   s u c c e s s i v e   e n e r g i s a t i o n   o f  

L E D ' s   9 0 a  -   90i  and  9 1 a  -   9 1 i ,   as  t he   a x l e   l o a d s  

c o n c e r n e d   i n c r e a s e   so  t h a t   t he   o b s e r v e r   s e e s   two  i n c r e a s -  

ing   h e i g h t   l i g h t   c o l u m n s   in  w h i c h   i n d i v i d u a l   LED's   may 

r e g i s t e r   ( i f   d e s i r e d )   w i t h   i n d i c a t o r   i n d i c e s   r e p r e s e n t -  

ing   n u m e r i c a l   v a l u e s   of  a x l e   l o a d .   T h e  d r i v e r   u n i t s   may 
i n c l u d e   an  a d j u s t a b l e   r e f e r e n c e   v o l t a g e   ( b i a s )   to  s e t   t h e  

v a l u e   of  i n p u t   to  i l l u m i n a t e   t h e   l o w e s t   LED,  and  m e a n s  

f o r   a d j u s t i n g   the   s e n s i t i v i t y ,   i . e .   t h e   v a l u e   of  i n c r e a s e  

of  i n p u t   s i g n a l   r e q u i r e d   to  e f f e c t   e n e r g i s a t i o n   of  t h e  

n e x t   h i g h e s t   LED.  Thus  t he   d i s p l a y   can   be  s e t   up  to  s h o w  

t h e   w h o l e   of  t he   a x l e   l o a d   a r i s i n g   f rom  any  g i v e n  

p l a t f o r m   l o a d ,   or  a  s e l e c t e d   p r o p o r t i o n ,   e . g .   t he   top  50% 

to  80%  as  d e s i r e d .  

A  f i n a l   i n d i c a t o r   e l e m e n t   v i s u a l   a n d / o r   a u d i b l e   a n d  

r e s p o n s i v e   to  i n c i d e n c e   of  an  i n p u t   e x c e e d i n g   p e r m i t t e d  

a x l e   l o a d   may  be  p r o v i d e d   as  shown  a t   94,  95  r e s p e c t -  

i v e l y .  

In  any  of  t he   f o r e g o i n g   a r r a n g e m e n t s   t r a n s m i s s i o n   o f  

d a t a   as  to  a x l e   l o a d i n g   f rom  t he   l o c a t i o n   of  a  p o s i t i o n  

t r a n s d u c e r   a t   a  g i v e n   w h e e l   to  a  d i s p l a y   s t a t i o n ,   e . g .   i n  

t he   d r i v e r ' s .   c ab ,   may  be  s i m p l i f i e d   by  c o n v e r t i n g   a  



d i g i t a l   b i n a r y   s i g n a l   a t   t h e   o u t p u t   of  t he   p o s i t i o n  

t r a n s d u c e r   c o n c e r n e d   to  an  a n a l o g u e   s i g n a l .   The  l a t t e r  

can  be  t r a n s m i t t e d   to  t h e   d i s p l a y   means  t h r o u g h   a  c a b l e  

h a v i n g   no  more  t h a n   t h r e e   c o r e s   i n s t e a d   of  t he   s i x   c o r e s  

n o r m a l l y   r e q u i r e d   f o r   t r a n s m i s s i o n   of  d i g i t a l   s i g n a l s .  

T h i s   is  e s p e c i a l l y   a d v a n t a g e o u s   in  t r a n s m i s s i o n   of  d a t a  

b e t w e e n   t r a i l e r   and  t o w i n g   v e h i c l e s   or  w h e r e   v e h i c l e s  

i n c l u d e   an  a r t i c u l a t e d   c o n n e c t i o n   b e t w e e n   t r a c t o r   a n d  

l o a d   c a r r y i n g   p a r t s .  

R e f e r r i n g   now  to  F i g u r e   2  i l l u s t r a t i n g   t he   use   of  a  

p o s i t i o n   t r a n s d u c e r   in  d e t e r m i n i n g   a x l e   l o a d ,   a  v e h i c l e  

of  wh ich   a  p o r t i o n   of  t h e   c h a s s i s   i s   i n d i c a t e d   a t   30  i s  

s u p p o r t e d   f rom  a  r o a d   w h e e l   31  t h r o u g h   the   i n t e r m e d i a r y  

of  a  s u s p e n s i o n   means   shown  as  a  s e m i - e l l i p t i c   l e a f  

s p r i n g   32,  p e r m i t t i n g   a  f i r s t   p a r t   of  the   v e h i c l e ,   n a m e l y  

an  a x l e   33,  to  u n d e r g o   v e r t i c a l   d i s p l a c e m e n t   r e l a t i v e l y  

to  a  s e c o n d   p a r t   of  t he   v e h i c l e ,   name ly   the   c h a s s i s   3 0 ,  

to  an  e x t e n t   w h i c h   v a r i e s   a c c o r d i n g   to  the   l o a d   p l a c e d   o n  

the   l oad   c a r r y i n g   p l a t f o r m   or  member  of  t he   v e h i c l e .  

A  p o s i t i o n   t r a n s d u c e r   34,  w h i c h   may  be  of  t h e  

g e n e r a l   form  d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g u r e s   4,  5,  6 ,  

7  or  8,  is  m o u n t e d   on  some  s u i t a b l e   p a r t   of  t he   v e h i c l e ,  

f o r   e x a m p l e   a  b r a c k e t   39  on  t h e   c h a s s i s   30,  and  i n c l u d e s  

an  i n t e r c e p t o r   member  m o v a b l e   a n g u l a r l y   by  a  c r a n k   arm  35  

which   is   c o n n e c t e d   by  a  p i v o t a l   l i n k   36  e f f e c t i v e l y   t o  

the   a x l e   33,  so  t h a t   t h e   a n g u l a r   d i s p l a c e m e n t   of  t h e  

i n t e r c e p t o r   member  p a r t a k e s   o f ,   and  i s   p r o p o r t i o n a l   t o ,  

v e r t i c a l   m o v e m e n t   of  t h e   a x l e   33  r e l a t i v e l y   to  t h e  

c h a s s i s   3 0 .  

The  c i r c u i t r y   shown  in  F i g u r e   4  is  r e p r e s e n t e d   b y  
the   b l o c k   37  w h i c h   p r o v i d e s   r e a d - o u t   e i t h e r   by  way  of  a  

d e c i m a l   d i s p l a y   or  a n a l o g u e   d i s p l a y ,   or  p o s s i b l y   by  way  
of  s i m p l y   an  a l a r m   s i g n a l   when  t he   v e h i c l e   i s   s u b j e c t e d  

to  o v e r l o a d i n g .  

I n i t i a l l y ,   t he   p o s i t i o n   t r a n s d u c e r   is   c a l i b r a t e d   b y  

i n t e r p o s i n g   a  l o a d   m e a s u r i n g   s t r u t ,   such   as  a  h y d r a u l i c  

j a c k   38,  b e t w e e n   a  b r a c k e t   39  f o r m i n g   an  a b u t m e n t   on  t h e  

v e h i c l e   c h a s s i s   30,  and  an  a b u t m e n t   p l a t e   40  s t r a p p e d   o r  



o t h e r w i s e   s e c u r e d   to  t he   a x l e   33.  The  j a c k   38  i s  

c o n n e c t e d   to  h y d r a u l i c   pump  41  by  a  p i p e l i n e   42  t h r o u g h  

t h e   i n t e r m e d i a r y   of  a  m a n u a l l y   o p e r a b l e   n o n - r e t u r n   v a l v e  

43,   and  p r e s s u r e   in  t h e   h y d r a u l i c   j a c k   or  p i p e l i n e   32  i s  

c a p a b l e   of  b e i n g   m e a s u r e d   by  a  l o a d   r e a d - o u t   means   s u c h  

as  a  p r e s s u r e   gauge   44  ( w h i c h   may  be  c a l i b r a t e d   to  r e a d  

l o a d   d i r e c t l y ,   i . e .   p r e s s u r e   x  j a c k   p i s t o n   a r e a ) .  

The  form  of  a p p a r a t u s   shown  in  F i g u r e   2  may  be  u s e d  

in  a c c o r d a n c e   w i t h   t h e   f o l l o w i n g   p r o c e d u r e .   Wi th   no  l o a d  

on  t h e   v e h i c l e   p l a t f o r m   f l u i d   may  be  s u p p l i e d   to  t he   j a c k  

38  so  t h a t   i t   e n g a g e s   w i t h   l i t t l e   or  no  f o r c e   b e t w e e n   t h e  

b r a c k e t   39  and  p l a t e   40.   In  t h i s   s t a t e   t h e   a x l e   l o a d   d u e  

to  t h e   w e i g h t   of  t h e   v e h i c l e   a l o n e   i s   b o r n e   by  t h e  

s u s p e n s i o n .   The  p o s i t i o n   r e a d - o u t   f rom  t h e   t r a n s d u c e r   i s  

t h e n   t a k e n .   The  v a l v e   43  i s   t h e n   c l o s e d   and  l o a d   i s  

a p p l i e d   to   t he   p l a t f o r m   and  an  a x l e   l o a d   r e a d i n g   is   t a k e n  

on  t h e   g a u g e   44.  In  t h i s   s t a t e   t he   g a u g e   r e a d i n g   is   d u e  

s o l e l y   to  t he   i n c r e a s e   in  a x l e   l o a d   c a u s e d   by  the   l o a d  

a p p l i e d   to  t he   v e h i c l e .   The  v a l v e   43  i s   t h e n   o p e n e d  

a l l o w i n g   t he   s u s p e n s i o n   32  to  t a k e   a l l   o f   t h e   a x l e   l o a d  

(due   to   b o t h   t he   w e i g h t   of  t he   v e h i c l e   and  the   l o a d  

a p p l i e d   to  i t ) ,   and  a  new  p o s i t i o n   r e a d - o u t   i s   t a k e n   a t  

t h e   u n i t   37.  The  d i f f e r e n c e   b e t w e e n   t h e   two  p o s i t i o n  

r e a d - o u t   v a l u e s   r e p r e s e n t s   the   d i s p l a c e m e n t   i n p u t   to  t h e  

p o s i t i o n   t r a n s d u c e r   f o r   t he   a x l e   l o a d   i n c r e a s e   b r o u g h t  

a b o u t   by  t he   l o a d   a p p l i e d   to  t h e   v e h i c l e   p l a t f o r m .   T h e  

" s l o p e "   of  the   d i s p l a c e m e n t   v e r s u s   a x l e   l o a d   c h a r a c t e r -  

i s t i c   can  be  d e t e r m i n e d   and  the   r e a d - o u t   of  p o s i t i o n  

t r a n s d u c e r   can  be  c a l i b r a t e d   in  t e r m s   of   a x l e   l o a d .  

F u r t h e r ,   i t   can  be  s e t   to  " z e r o " ,   m e c h a n i c a l l y   o r  

e l e c t r i c a l l y   in  t he   r e a d - o u t   u n i t ,   to  c o r r e s p o n d   to  z e r o  

a x l e   l o a d .   The  p o s i t i o n   t r a n s d u c e r   d o e s   n o t   n e c e s s a r i l y  

h a v e   to  be  so  made  as  to  r e a d   ou t   o v e r   t h e   who le   r a n g e  

z e r o   to  maximum  a x l e   l o a d i n g   or  a b o v e .   I t   may  b e  

s a t i s f a c t o r y   in  some  c a s e s   f o r   i t   to  r e a d   o u t   o n l y   ove r   a  

h i g h e r   p a r t   of  the   r a n g e ,   f o r   e x a m p l e   t h e   t o p   20%,  30%  o r  

50%  w i t h   the   u p p e r   l i m i t   b e i n g   maximum  a x l e   l o a d i n g   o r  

some  h i g h e r   s e l e c t e d   v a l u e ,   f o r   e x a m p l e   10%  a b o v e   max imum 

a x l e   l o a d i n g .  



The  pump  41  may  be  a  p o w e r - d r i v e n   pump  bu t   a  h a n d -  

o p e r a t e d   pump  may  be  u s e d .   In  some  c a s e s   t h e   pump  may  

even   be  o m i t t e d   a l t o g e t h e r   i f   t h e   j a c k   is   s e l f   e x t e n d i n g ,  

e . g .   u n d e r   l i g h t   s p r i n g   l o a d i n g ,   f l u i d   t h e n   b e i n g   m e r e l y  

s u c k e d   in  f rom  and  e x h a u s t e d   to  t he   r e s e r v o i r   4 8 .  

The  p r o c e d u r e   w o u l d   be  r e p e a t e d   f o r   a l l   t h e   a x l e s ,  

i . e .   i n d i v i d u a l   w h e e l s   of  t h e   v e h i c l e ,   e a c h   p o s i t i o n  

t r a n s d u c e r   t h u s   b e i n g   c a l i b r a t e d .  

In  many  c a s e s   i t   may  be  l e g i t i m a t e l y   a s s u m e d   t h a t  

the   s u s p e n s i o n   m e a n s ,   f o r   e x a m p l e   t he   s p r i n g   32,  h a s  

l i n e a r   c h a r a c t e r i s t i c s   o v e r   t h e   r a n g e   of  d i s p l a c e m e n t  

( s t r a i n )   f o r   w h i c h   a x l e   l o a d i n g   r e q u i r e s   to  be  d e t e r m i n e d  

( say   75%  of  maximum  p e r m i t t e d   a x l e   l o a d i n g   to  m a x i m u m  

p e r m i t t e d   a x l e   l o a d i n g )   and  t he   window  means   p r o v i d e d   o n  

t he   i n t e r c e p t o r   member   10  w i l l   p r o v i d e   a  c o d e d   d i g i t a l  

r e a d - o u t   w h i c h   c h a n g e s   l i n e a r l y   w i t h   r e s p e c t   to  a n g u l a r  

d e f l e c t i o n   of  t h e   i n t e r c e p t o r   member ,   a c c o r d i n g   t o  

w h a t e v e r   code   i s   s e l e c t e d   f o r   u s e .  

In  some  c a s e s ,   i t  m a y   be  known  t h a t   t h e   s u s p e n s i o n  

means  32  does   n o t   p r o v i d e   a  l i n e a r   s t r e s s / s t r a i n   r e l a t i o n  

and  in  t h a t   c a s e ,   t he   c o d i n g   i n c o r p o r a t e d   in  t h e  

I n t e r c e p t o r   member  w i l l   r e q u i r e   to  be  of  a  c o r r e s p o n d i n g  

n o n - l i n e a r   form  w i t h   r e s p e c t   to  a n g u l a r   d e f l e c t i o n s   o f  

t h i s   member ,   a l t h o u g h ,   as  b e f o r e ,   i t   may  be  b i n a r y   o r  

G r a y - c o d e d .  

I t   would   be  p o s s i b l e   f o r   s e v e r a l   d i f f e r e n t   r e a d i n g s  

to  be  t a k e n ,   a t   say   one  q u a r t e r ,   one  h a l f ,   t h r e e   q u a r t e r s  

and  f u l l   maximum  p e r m i t t e d   l o a d   f o r   t he   p u r p o s e   o f  

e n a b l i n g   a  p r e - f o r m e d   i n t e r c e p t o r   member  h a v i n g   a  

" l i n e a r "   r e l a t i o n   b e t w e e n   a n g u l a r   d e f l e c t i o n   and  c o d e d  

o u t p u t   to  be  s e t   to  p r o v i d e   t h e   most   a c c u r a t e   c o m p r o m i s e ,  

e s p e c i a l l y   in  t he   r e g i o n   of  maximum  l o a d .  

H a v i n g   s e t   up  or  c a l i b r a t e d   the   p o s i t i o n   t r a n s d u c e r  

34,  the   h y d r a u l i c   c o m p o n e n t s ,   n a m e l y   the   j a c k   38,  v a l v e  

43,  gauge   44,  pump  41,  r e s e r v o i r   48  and  a s s o c i a t e d   p i p e -  

work  a re   r e m o v e d   and  may  be  u sed   in  c a l i b r a t i n g   t h e  

p o s i t i o n   t r a n s d u c e r s   p r o v i d e d   f o r   t he   r e m a i n i n g   w h e e l s   o f  

t he   v e h i c l e   and  f o r   o t h e r   v e h i c l e s .  



A  m o d i f i e d   m e t h o d   and  form  of  a p p a r a t u s   i s   i l l u s -  

t r a t e d   in  F i g u r e   3  in  wh ich   l i k e   p a r t s   a r e   d e s i g n a t e d   b y  

r e f e r e n c e   n u m e r a l s   c o r r e s p o n d i n g   to  t h o s e   of  F i g u r e   2  a n d  

to  w h i c h   t h e   p r e c e d i n g   d e s c r i p t i o n   t h e r e f o r e   a p p l i e s .  

In  t h i s   a r r a n g e m e n t ,   a  m e c h a n i c a l   j a c k ,   s u c h   as  a  

s c r e w   j a c k   50,  may  be  u t i l i s e d ,   and  r e a d - o u t   of  a x l e   l o a d  

when  i n i t i a l l y   t r a n s m i t t i n g   the   l o a d   t h r o u g h   t he   i n t e r -  

m e d i a r y   of  t h e   s c r e w   j a c k   on  the   b r a c k e t   39  to  t h e   a x l e  

33,  may  be  e f f e c t e d   by  p r o v i d i n g   a  l o a d   c e l l   51  c o n n e c t e d  

to  a  r e a d - o u t   means   52.  The  l o a d   c e l l   may  be  e l e c t r i c a l  

or  h y d r a u l i c   and  t h e   r e a d - o u t   means   w o u l d   be  of  a  

c h a r a c t e r   a p p r o p r i a t e   to  t he   o u t p u t   of  t h e   l o a d   c e l l .  

I n s t e a d   of  m e a s u r i n g   a x l e   l o a d ,   by  u t i l i s a t i o n   of  a  

s t r u t   means   w h i c h   e f f e c t i v e l y   b y - p a s s e s   t h e   s u s p e n s i o n  

m e a n s ,   i t   w o u l d   of  c o u r s e   be  p o s s i b l e   to  r u n   t h e   v e h i c l e  

w h e e l   o n t o   a  w e i g h i n g   m e a n s .   The  z e r o   p o s i t i o n   of  t h e  

p o s i t i o n   t r a n s d u c e r   would   r e q u i r e   t o   be  s e t   w i t h   t h e  

s u s p e n s i o n   means   32  in  an  e n t i r e l y   u n s t r e s s e d   c o n d i t i o n ,  

i . e .   t h e   w h e e l   31  e x e r t i n g   no  p r e s s u r e   on  t h e   g r o u n d ,   a n d  

r e a d - o u t   of  t h e   p o s i t i o n   t r a n s d u c e r   u n d e r   t h e   p r e - a p p l i e d  

a x l e   l o a d   w o u l d   t h e n   r e p r e s e n t   t h i s   a x l e   l o a d   t r a n s f o r m e d  

f rom  a  d i s p l a c e m e n t .   In  a l l   t h e s e   c a l i b r a t i n g   o p e r a t i o n s  

the   v e h i c l e   would   be  r e s t i n g   on  l e v e l   ( h o r i z o n t a l )  

g r o u n d .  

R e f e r r i n g   now  to  a  f u r t h e r   a p p l i c a t i o n   of  p o s i t i o n  

t r a n s d u c e r   m e a n s ,   p r e f e r a b l y   in  a c c o r d a n c e   w i t h   t h e  

e m b o d i m e n t s   a l r e a d y   d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g u r e   1 

and  F i g u r e s   4,  5,  6,  7  or  8,  t h i s   i s   i l l u s t r a t e d   i n  

F i g u r e   1 0 .  

A  m o t o r   r o a d   v e h i c l e   such   as  a  l o r r y   60  has   p a i r s   o f  

f r o n t   w h e e l s ,   one  of  t he   f o r m e r   61  and  one  of  t he   l a t t e r  

62  b e i n g   shown ,   and  the   a x l e s   h a v i n g   m e c h a n i c a l  

c o n n e c t i o n s   i n d i c a t e d   d i a g r a m m t i c a l l y   a t   63,  64  t o  

r e s p e c t i v e   p o s i t i o n   t r a n s d u c e r s   65,  66  p r o v i d i n g   o u t p u t s  

r e p r e s e n t i n g   d i s p l a c e m e n t   b e t w e e n   a  f i r s t   p a r t   of  t h e  

v e h i c l e ,   s u c h   as  t he   a x l e   c o n c e r n e d ,   and  a  s e c o n d   p a r t   o f  

the   v e h i c l e   s u c h   as  t he   c h a s s i s   or  an  a p p r o p r i a t e   p a r t   o f  

t he   b o d y w o r k   f i x e d   in  r e l a t i o n   to  t he   c h a s s i s .  



Thus ,   t h e   o u t p u t s   of  t he   t r a n s d u c e r s   65  and  6 6  

b e s i d e s   p o s s i b l y   r e p r e s e n t i n g   the   a x l e   l o a d i n g ,   a l s o  

c o l l e c t i v e l y   r e p r e s e n t ,   by  r e a s o n   of  t h e   d i f f e r e n c e  

b e t w e e n   t hem,   t h e   f o r e   and  a f t   t i l t   of  t he   v e h i c l e   a s  

b e t w e e n   a  h o r i z o n t a l   l o n g i t u d i n a l   r e f e r e n c e   a x i s   of  t h e  

v e h i c l e   f i x e d   in  r e l a t i o n   to  t he   c h a s s i s ,   and  a  r e f e r e n c e  

p l a c e   67  t a k e n   to  be  a  h o r i z o n t a l   s u r f a c e   t a n g e n t i a l   t o  

t he   g r o u n d - e n g a g i n g   p o i n t s   ( a r e a s )   of  t h e   f o u r   r o a d  

w h e e l s .  

The  d a t a   p r o v i d e d   by  t he   t r a n s d u c e r s   65  and  66  i s  

u s e d   to  c o n t r o l   t h e   a n g u l a r   p o s i t i o n   of  d r i v i n g   l a m p s ,  

one  of  w h i c h   i s   s e e n   a t   6 8 .  

For  t h i s   p u r p o s e ,   e a c h   d r i v i n g   lamp  is   m o u n t e d   f o r  

a n g u l a r   a d j u s t m e n t   in  a  v e r t i c a l   p l a n e ,   f o r   e x a m p l e  

p i v o t a l l y   a b o u t   an  a x i s   69.  Such  a d j u s t m e n t   may  b e  

e f f e c t e d   m a n u a l l y ,   f o r   e x a m p l e   by  means   of  a  m a n u a l l y  

o p e r a b l e   s c r e w   and  n u t   m e a n s ,   p o s s i b l y   h a v i n g   a  m a n u a l l y  

o p e r a b l e   k n o b  i n   t h e   d r i v e r ' s   c a b .   As  shown  d i a g r a m -  

m a t i c a l l y   h o w e v e r ,   m o t o r   means   a r e   p r o v i d e d   c o m p r i s i n g   a  

l i n k   70  c o n n e c t e d   to  a  s c r e w   71  w h i c h   c o - o p e r a t e s   w i t h   a  

r o t a r y   nu t   72  m o u n t e d   f o r   r o t a t i o n   in  an  a x i a l l y   f i x e d  

b e a r i n g   and  d r i v e n   t h r o u g h   s t e p - d o w n   g e a r i n g   s u c h   as  a  

worm  and  w o r m w h e e l   m e c h a n i s m   73  f rom  a  d r i v e   m o t o r   7 4 .  

The  m o t o r   74  may  be  a  s t e p p i n g   m o t o r ,   i . e .   d r i v e n  

t h r o u g h   an  a n g u l a r   d i s p l a c e m e n t   in  a c c o r d a n c e   w i t h   a  

number   of  d r i v i n g   p u l s e s   a p p l i e d   t h e r e t o .  

For  t h i s   p u r p o s e   a  p u l s e   g e n e r a t o r   75  may  b e  

p r o v i d e d   g e n e r a t i n g   a  number   of  p u l s e s   d e t e r m i n e d   by  a  

c o m p a r a t o r   76  w h i c h   r e c e i v e s   r e s p e c t i v e   i n p u t s   f rom  s t o r e  

or  c o u n t i n g   r e g i s t e r s   7 8 , 7 9 .   These   in  t u r n   r e g i s t e r  

c o u n t s   d e t e r m i n e d   by  t h e i r   r e s p e c t i v e l y   a s s o c i a t e d  

p o s i t i o n   t r a n s d u c e r s   65  and  6 6 .  

To  p r e v e n t   c o n t i n u a l ,   and  u n w a n t e d   a n g u l a r   a d j u s t -  

ment   of  t he   d r i v i n g   lamp  68,  an  i n h i b i t   c i r c u i t   7 9  

r e c e i v i n g   an  i n p u t   on  a  l i n e   80  is   p r o v i d e d .  

The  s i g n a l   p r o v i d e d   by  the   l i n e   80  i n h i b i t s  

i n c r e m e n t i n g   or  d e c r e m e n t i n g   of  t he   c o u n t i n g   r e g i s t e r s   o r  



s t o r e s   78,  79  w h e n e v e r   t he   v e h i c l e   is  in  m o t i o n .   T h u s ,  

t he   s i g n a l   on  t he   l i n e   80  may  be  g e n e r a t e d   f rom  t h e  

v e h i c l e   s p e e d o m e t e r   or  some  o t h e r   p a r t   of  t h e   a p p a r a t u s  

w h i c h   i s   in  m o t i o n   and  p r o v i d e s   an  e l e c t r i c a l   o u t p u t  

w h e n e v e r   t h e   v e h i c l e   i s   m o v i n g .  

The  i n h i b i t   c i r c u i t   79  may  a l s o   be  c o n n e c t e d   to  a  

l e v e l   s e n s o r   s u c h   t h a t   t he   i n h i b i t   s i g n a l   i s   r e m o v e d   o n l y  

when  t h e   v e h i c l e   i s   s t a n d i n g   on  l e v e l   g r o u n d .  

The  o b j e c t   of  t he   s y s t e m   i s   to  p r o v i d e   a u t o m a t i c  

a d j u s t m e n t   of  t h e   d r i v i n g   lamp  or  e a c h   of  t h e   d r i v i n g  

l a m p s   s u c h   as  68,  due  to  v a r i a b l e   l o a d i n g   of  t h e   v e h i c l e .  

I n s t e a d   of  e f f e c t i n g   a u t o m a t i c   a d j u s t m e n t   of  t h e  

d r i v i n g   l a m p s   68,  o u t p u t   f rom  the   c o m p a r a t o r   76  may  b e  

f ed   to  an  i n d i c a t o r   means  in  t he   d r i v e r ' s   cab  i n s t r u c t i n g  

him  to  c a r r y   o u t   m a n u a l   a d j u s t m e n t   of  t h e   d r i v i n g   l a m p  

and  i n d i c a t i n g   t h e   d i r e c t i o n   and  m a g n i t u d e   of  a d j u s t m e n t  

r e q u i r e d .  



1.  An  i n t e r c e p t o r   member   (10)   c o m p r i s i n g   a  s u b s t r a t e  

l a m i n a   (13)   of  m a t e r i a l   p e r m e a b l e   to  t he   r a d i a t i o n   w h i c h  

i t   i s   r e q u i r e d   to   i n t e r c e p t ,   and  a  b a r r i e r   l a m i n a   ( 1 4 )  

c a r r i e d   by  t h e   s u b s t r a t e   l a m i n a   (13)   and  w h i c h   i s  

i m p e r m e a b l e   to   s u c h   r a d i a t i o n ,   t he   b a r r i e r   l a m i n a   ( 1 4 )  

h a v i n g   a  window  means   ( 1 3 a 1  -   13f)   p r o d u c e d   by  e r o s i o n   o f  

the   b a r r i e r   l a m i n a   ( 1 4 ) .  

2.  An  i n t e r c e p t o r   member   a c c o r d i n g   to  c l a i m   1  w h e r e i n  

the   s u b s t r a t e   l a m i n a   (13 )   is   f o rmed   o f  a   n o n - m e t a l l i c  

m a t e r i a l   and  t h e   b a r r i e r   l a m i n a   (14)   is   f o r m e d   of  a  

m e t a l .  

3.  An  i n t e r c e p t o r   member   a c c o r d i n g   to  e i t h e r   of  c l a i m s  

1  and  2  w h e r e i n   t h e   s u b s t r a t e   l a m i n a   (13)   i s   f o r m e d   f r o m  

p o l y e s t e r   r e i n f o r c e d   g l a s s   f i b r e   and  t h e   b a r r i e r   l a m i n a  

(14)   is   f o r m e d   f rom  c o p p e r   f o i l .  

4.  A  p o s i t i o n   t r a n s d u c e r   c o m p r i s i n g :  

(a)  a  s e n s i n g   means   ( 1 9 a  -   19f)   r e s p o n s i v e   to  t h e  

i n c i d e n c e   of  a  r a d i a n t   e n e r g y   beam  to  p r o v i d e  

p r i m a r y   o u t p u t   s i g n a l ;  

(b)  i l l u m i n a t i o n   means   ( 1 8 a  -   18f )   p r o v i d i n g   s u c h   a  

b e a m ;  

(c)   an  i n t e r c e p t o r   member  (10)  a c c o r d i n g   to  a n y  o n e  
of  c l a i m s   1  to  3 ;  

(d)  m o u n t i n g   means   p r o v i d i n g   f o r   r e l a t i v e   d i s p l a c e -  

ment   b e t w e e n   t h e   i n t e r c e p t o r   member   (10)   and  t h e  

beam  in  a  d i r e c t i o n   t r a n s v e r s e l y   of  the   l a t t e r .  

5.  A  p o s i t i o n   t r a n s d u c e r   a c c o r d i n g   to  c l a i m  4   w h e r e i n  

the   s e n s i n g   means   ( 1 9 a  -   19f)   i s   of  s u c h   f o rm ,   and  t h e  

window  means   ( 1 3 a 1  -   13 f )   of  the   b a r r i e r   l a m i n a   (14)   i s  

of  such   c o n f i g u r a t i o n ,   as  to  g e n e r a t e   a  b i n a r y   c o d e d  

d i g i t a l   o u t p u t   a t   o u t p u t   t e r m i n a l s   of  t h e   s e n s i n g   m e a n s .  



6.  A  m e t h o d   of  mak ing   an  i n t e r c e p t o r   member  ( 1 0 )  

c o m p r i s i n g   t he   s t e p s   o f :  

(a)   p r o v i d i n g   a  c o m p o s i t e   p l a t e   w h i c h   c o m p r i s e s   a  

s u b s t r a t e   l a m i n a   (13)   p e r m e a b l e   by  t h e  

r a d i a t i o n   r e q u i r e d   to  be  i n t e r c e p t e d ,   and  a  

b a r r i e r   member  (14)   i m p e r m e a b l e   by  s u c h  

r a d i a t i o n   and  h a v i n g   i t s   e x p o s e d   f a c e   c o a t e d  

w i t h   a  r e s i s t   (15)   w h i c h   i s   r e s p o n s i v e   t o  

i n c i d e n c e   of  an  image  to  u n d e r g o   a  c h a n g e   to  a n  

e r o d i b l e   c o n d i t i o n ,  

(b)  f o r m i n g   an  image  on  t h e   r e s i s t   (15)   of  a  c o n -  

f i g u r a t i o n   such  as  to  d e f i n e   t he   window  m e a n s  

r e q u i r e d   to  r e n d e r   t he   r e s i s t   e r o d i b l e   o v e r   t h e  

a r e a   of  such   window  m e a n s ,  
(c )   t r e a t i n g   the   r e s i s t   (15)   w i t h   an  a g e n t   s e l e c t e d  

to   e r o d e   s a i d   e r o d i b l e   a r e a   t h e r e o f   and  e x p o s e  
t h e   r e q u i r e d   window  a r e a   of  t h e   b a r r i e r   l a m i n a  

( 1 4 ) ,  

(d)  t r e a t i n g   the   e x p o s e d   a r e a   of  t h e   b a r r i e r   l a m i n a  

( 1 4 ) w i t h   an  a g e n t   s e l e c t e d   to  e r o d e   the   b a r r i e r  

l a m i n a   and  form  the   r e q u i r e d   window  means   ( 1 3 a 1  

-  13f )   t h e r e t h r o u g h .  

7.  A  m e t h o d   a c c o r d i n g   to  c l a i m   6  w h e r e i n   an  e n l a r g e d  

r e p r e s e n t a t i o n   of  the   window  a r e a   i s   p r o v i d e d   and  s u c h  

r e p r e s e n t a t i o n   i s   o p t i c a l l y   r e d u c e d   to  fo rm  the   image  o n  

the   r e s i s t   ( 1 5 ) .  

8.  A  m e t h o d   of  m o n i t o r i n g   the   a x l e   l o a d i n g   of  a  v e h i c l e  

c o m p r i s i n g   the   s t e p s   of  d e t e r m i n i n g   the   r e l a t i o n s h i p  

b e t w e e n   t h e   a x l e   l o a d i n g   of  a  v e h i c l e   w h e e l   (31)   and  t h e  

p o s i t i o n   of  a  f i r s t   p a r t   (30)   of  the   v e h i c l e   r e l a t i v e l y  

to  a  s e c o n d   p a r t   ( 3 3 ) ,   b e t w e e n   w h i c h   p a r t s   r e l a t i v e  

d i s p l a c e m e n t   o c c u r s   in  r e s p o n s e   to  a p p l i c a t i o n   of  l o a d   t o  

the   v e h i c l e ,   and  t h e r e a f t e r   d e t e r m i n i n g   the   p o s i t i o n   o f  

the   f i r s t   p a r t   (30)   r e l a t i v e l y   to  t he   s e c o n d   p a r t   ( 3 3 )  

u n d e r   w h a t e v e r   l o a d i n g   is  a p p l i e d   f o r   t he   t ime   b e i n g   t o  



t h e   v e h i c l e ,   f u r n i s h i n g   an  i n d i c a t i o n   as  to  t he   m a g n i t u d e  

of  t h i s   a x l e   l o a d i n g   as  a  f u n c t i o n   of  t he   p o s i t i o n a l  

d e t e r m i n a t i o n .  

9.  A  m e t h o d   a c c o r d i n g   to  c l a i m   8  c o m p r i s i n g   t he   s t e p s  

o f :  

(a)   a p p l y i n g   a  l o a d   to  t he   l o a d   c a r r y i n g   p l a t f o r m   o r  

member  (30 )   of  t he   v e h i c l e ;  

(b)  t r a n s m i t t i n g   t he   l o a d   to  t h e   v e h i c l e   w h e e l   ( 3 1 )  

of  w h i c h   t h e   a x l e   l o a d i n g   i s   r e q u i r e d   to  b e  

d e t e r m i n e d   w h i l e   a l s o   a p p l y i n g   s u c h   l o a d i n g   to  a  

l o a d   m e a s u r i n g   means   (44)   to  d e t e r m i n e   t h e   v a l u e  

of  t h e   a x l e   l o a d i n g ;  

(c)  a p p l y i n g   an  e l e c t r i c a l   p o s i t i o n   t r a n s d u c e r   ( 3 4 )  

to  t h e   v e h i c l e   in  a  m a n n e r   to  d e t e r m i n e ,   i n  

t e r m s   of  an  e l e c t r i c a l   s i g n a l ,   t h e   p o s i t i o n   of  a  

f i r s t   p a r t   (30)   of  the   v e h i c l e   r e l a t i v e l y   to  a  

s e c o n d   p a r t   ( 3 3 ) ,   ( b e t w e e n   w h i c h   p a r t s   r e l a t i v e  

d i s p l a c e m e n t   t a k e   p l a c e   as  a  f u n c t i o n   of  t h e  

a x l e   l o a d i n g   a p p l i e d ) ,   u n d e r   t h e   l o a d e d   c o n d i -  

t i o n   so  t h a t   such   p o s i t i o n   i s   t h e n   c o r r e l a t e d   t o  

t he   d e t e r m i n e d   v a l u e   of  a x l e   l o a d i n g ;  

(d)  t h e r e a f t e r   d e t e r m i n i n g   a x l e   l o a d i n g   u n d e r   w h a t -  

e v e r   l o a d   i s   a p p l i e d   f o r   t h e   t i m e   b e i n g   to  t h e  

v e h i c l e   by  d e t e r m i n i n g   t h e   r e l a t i v e   p o s i t i o n   o f  

one  of  s a i d   p a r t s   (30)   r e l a t i v e l y   to  t he   o t h e r  

(33)   by  m e a n s   of  s a i d   p o s i t i o n   t r a n s d u c e r   ( 3 4 ) .  

10.  A  m e t h o d   a c c o r d i n g   to  c l a i m   9  w h e r e i n   t he   o p e r a t i o n s  

s p e c i f i e d   in  s u b - c l a u s e s   (a)   to  (d)  of  c l a i m   9  a r e  

r e p e a t e d   f o r   d i f f e r e n t   l o a d s ,   and  v a l u e s   of  a x l e   l o a d i n g  

a c t u a l l y   d e t e r m i n e d   by  the   l o a d   m e a s u r i n g   means   ( 4 4 ) ,   t o  

p r o v i d e   a  m u l t i - p o i n t   c a l i b r a t i o n   of  t h e   p o s i t i o n   t r a n s -  

d u c e r   o u t p u t   in  t e r m s   of  a x l e   l o a d i n g .  

11.  A  m e t h o d   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   8  to  10 

w h e r e i n   a p p l i c a t i o n   of  the   l o a d   f rom  t he   l o a d   c a r r y i n g  



p l a t f o r m   or   member  (30)   to  t h e   v e h i c l e   w h e e l   (31)   c o n -  

c e r n e d   i s   e f f e c t e d   t h r o u g h   a  s t r u t   means   (38 ,   50)  w h i c h  

r e l i e v e s   t h e   v e h i c l e   s u s p e n s i o n   (32)   of  l o a d i n g ,   or  a  

p r e d e t e r m i n e d   p r o p o r t i o n   t h e r e o f ,   and  a x l e   l o a d i n g   i s  

d e t e r m i n e d   by  m e a s u r i n g   t he   l o a d i n g   of  t he   s t r u t   m e a n s  

(38 ,   5 0 ) .  

12.  A  m e t h o d   a c c o r d i n g   to  c l a i m   11  w h e r e i n   the   a p p l i c a -  

t i o n   of  l o a d   is   c a r r i e d   ou t   u s i n g   a  p r e s s u r e   f l u i d   ram  o r  

c a p s u l e   (38 )   as  t he   s t r u t   m e a n s ,   and  m e a s u r e m e n t   of  l o a d  

is   c a r r i e d   ou t   by  m e a s u r i n g   the   p r e s s u r e   of  t he   f l u i d  

t h e r e i n .  

13.  A p p a r a t u s   f o r   d e t e r m i n i n g   v e h i c l e   a x l e   l o a d i n g  

c o m p r i s i n g ,   an  e l e c t r i c a l   p o s i t i o n   t r a n s d u c e r   ( 3 4 )  

h a v i n g   a t t a c h m e n t   means   (36,   39)  f o r   o p e r a t i v e l y   c o n n e c t -  

ing  i t   b e t w e e n   a  f i r s t   p a r t   (30)   and  a  s e c o n d   p a r t   ( 3 3 )  

of  t h e   v e h i c l e ,   b e t w e e n   w h i c h   p a r t s   r e l a t i v e   d i s p l a c e m e n t  

t a k e s   p l a c e   in  r e s p o n s e   to  l o a d i n g   of  t he   v e h i c l e ,   a n d  

p r o v i d i n g   an  e l e c t r i c a l   o u t p u t   s i g n a l ,   and  i n d i c a t o r  

means   (37 )   r e s p o n s i v e   to  t he   o u t p u t   s i g n a l   of  t he   t r a n s -  

d u c e r ,   and  p r o v i d i n g   an  i n d i c a t o r   s i g n a l   r e p r e s e n t a t i v e  

of  a x l e   l o a d i n g   by  v i r t u e   of  p r e c e d i n g   c a l i b r a t i o n  

b e t w e e n   r e l a t i v e   p o s i t i o n   of  t he   two  p a r t s   (30,   33)  a n d  

a x l e   l o a d i n g   p r o v i d i n g   such   r e l a t i v e   p o s i t i o n .  

14.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   13  w h e r e i n   t he   p o s i t i o n  

t r a n s d u c e r   c o m p r i s e s :  

(a)   a  s e n s i n g   means   ( 1 9 a  -   19f)   r e s p o n s i v e   to  t h e  

i n c i d e n c e   of  a  r a d i a n t   e n e r g y   beam  to  p r o v i d e  

p r i m a r y   o u t p u t   s i g n a l ;  

(b)  i l l u m i n a t i o n   means  ( 1 8 a  -   18f)   p r o v i d i n g   such   a  

b e a m ;  

(c)   an  i n t e r c e p t o r   member  (10)   c o n t r o l l i n g  

i n c i d e n c e   of  the   beam  on  the   s e n s i n g   m e a n s ;  

(d)  m o u n t i n g   means   (36 ,   39)  p r o v i d i n g   f o r   r e l a t i v e  

d i s p l a c e m e n t   b e t w e e n   t he   i n t e r c e p t o r   m e m b e r  



(10)   and  t h e   beam  in  a  d i r e c t i o n   t r a n s v e r s e l y   o f  

the   l a t t e r ;   a n d  

(e )   i n p u t   means   (36)   f o r   r e c e i v i n g   and  t r a n s m i t t i n g  

to  t h e   i n t e r c e p t o r   member  (10)   a  d i s p l a c e m e n t  

c o r r e l a t e d   to  t h a t   o c c u r i n g   r e l a t i v e l y   b e t w e e n  

the   f i r s t   (30)   and  s e c o n d   (33)   m e m b e r s   of  t h e  

v e h i c l e   so  as  to  e s t a b l i s h   a  p r e d e t e r m i n e d  

o u t p u t   s i g n a l   f o r   a  p r e d e t e r m i n e d   a x l e   l o a d i n g .  

15.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   14  w h e r e i n   t h e   i n t e r -  

c e p t o r   member  (10)   is   in  a c c o r d a n c e   w i t h   a n y  o n e   o f  

c l a i m s   1  to  3 .  

16.  A p p a r a t u s   a c c o r d i n g   to   c l a i m   15  w h e r e i n   t h e   s e n s i n g  

means   ( 1 9 a  -   19f )   i s   of  s u c h   f o rm ,   and  t h e   window  m e a n s  

( 1 3 a 1  -   13f)   of  t h e   b a r r i e r   l a m i n a   ( 1 4 )   i s   of  s u c h  

c o n f i g u r a t i o n ,   as  to  g e n e r a t e   a  b i n a r y   c o d e d   d i g i t a l  

o u t p u t   a t   o u t p u t   t e r m i n a l s   of  t h e   s e n s i n g   m e a n s .  

17.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   16  w h e r e i n   t he   e o n -  

f i g u r a t i o n   of  t he   window  means   ( 1 3 a 1  -   1 3 f )   is   s u c h   t h a t  

t h e   d i g i t a l   o u t p u t   f rom  t h e   s e n s i n g   m e a n s   i s   coded   i n  

Gray  f o r m ,   and  t h e   a p p a r a t u s   ( 2 2 a )   i n c l u d e s   means   f o r  

c o n v e r t i n g   t h e   Gray  c o d e d   o u t p u t   to   a n o t h e r   d i g i t a l   c o d e d  

o u t p u t .  

18.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   14  w h e r e i n   t h e   s e n s i n g  

means   ( 1 9 a  -   19f )   i s   of  s u c h   f o r m ,   and  t h e   c o n f i g u r a t i o n  

of  t h e   window  means   ( 1 3 a 1  -   13f)   i s   s u c h   as   to  g e n e r a t e   a  

b i n a r y   c o d e d   o u t p u t   a t   o u t p u t   t e r m i n a l s   of  t he   s e n s i n g  

means   ( 1 9 a  -   19f)   in  w h i c h   c e r t a i n   d i g i t a l   o u t p u t s   f o r  

s u c c e s s i v e   b y t e s   do  n o t   n e c e s s a r i l y   i n v o l v e   c h a n g e   o f  

o n l y   a  s i n g l e   b i t ,   and  c h a n g e   f rom  any  g i v e n   b i n a r y   c o d e d  

n u m b e r   to  t h a t   n e x t   in  s e q u e n c e   i s   c o n t r o l l e d   by  t h e  

o u t p u t   s i g n a l s   f rom  a  f i r s t   s e n s o r   e l e m e n t   ( 1 9 a )   of  t h e  

s e n s i n g   m e a n s ( 1 9 a  -   1 9 f ) ,   p r o v i d i n g   t h e   l e a s t   s i g n i f i c a n t  

b i t   of  t he   o u t p u t   s i g n a l ,   and  by  a  s u p p l e m e n t a r y   s e n s o r  



e l e m e n t   ( 1 9 a 2 )   of  t h e   s e n s i n g   means   in  t he   p a t h   of  t h a t  

zone  of  the   window  means   e f f e c t i v e   r e l a t i v e   to  t he   l e a s t  

s i g n i f i c a n t   b i t   bu t   s p a c e d   t h e r e f r o m   a l o n g   t he   p a t h   o f  

d i s p l a c e m e n t   of  t he   i n t e r c e p t o r   member  by  such   an  a m o u n t  

as  to  p r o v i d e   a  u n i q u e   c h a n g e   o v e r   p o i n t   of  o p e r a t i o n .  

19.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   18  w h e r e i n   t he   o u t p u t s  

of  b o t h   s e n s o r s   (19a   19a2)   a r e   c o m b i n e d   by  a  c i r c u i t   o r  

c i r c u i t   e l e m e n t   (28)   o p e r a t i n g   in  an  e x c l u s i v e   OR  mode  t o  

e f f e c t   such   c o n t r o l .  

20.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   19  w h e r e i n   t h e   s p a c i n g  

i s   (n  +  J)  x  d  w h e r e   n  i s   a  who le   number   and  d  i s  

d i s p l a c e m e n t   of  t h e   i n t e r c e p t o r   member  (10)   to  p r o v i d e  

c i r c u i t   c h a n g e   of  t he   l e a s t   s i g n i f i c a n t   d i g i t .  

21.  A p p a r a t u s   c o m p r i s i n g   means   f o r   s e n s i n g   t h e   u p w a r d  

t i l t   of  a  v e h i c l e   (60)   r e l a t i v e l y   to  s a i d   r e f e r e n c e   p l a n e  

(67)   and  f o r   p r o v i d i n g   a  c o n t r o l   s i g n a l   in  r e s p o n s e  

t h e r e t o ,   and  c o r r e c t i v e   means   (70 ,   21,  72,  73)  r e s p o n s i v e  

to  s a i d   s i g n a l   f o r   b r i n g i n g   a b o u t ,   or  i n d i c a t i n g   t h e  

n e c e s s i t y   f o r   m a k i n g   a  c o r r e c t i v e   a d j u s t m e n t   t o ,   t h e  

a n g u l a r   p o s i t i o n   of  t he   v e h i c l e   l amps   ( 6 8 ) .  

22.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   21  c o m p r i s i n g   p o s i t i o n  

t r a n s d u c e r s   (65 ,   66)  a p p l i e d   r e s p e c t i v e l y   to  f r o n t   ( 6 1 )  

and  r e a r   (62)   w h e e l s   of  t he   v e h i c l e .  

23.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   22  w h e r e i n   t he   o u t p u t  

is   a r r a n g e d   to  c o n t r o l   the   o p e r a t i o n   of  c o r r e c t i v e  

a d j u s t m e n t   means   (70 ,   71,  72,  73)  or  t he   o p e r a t i o n   o f  

i n d i c a t o r   means   w h i c h   i n d i c a t e   to  the   v e h i c l e   d r i v e r   o r  

a t t e n d a n t   t he   r e q u i r e m e n t   f o r   e f f e c t i n g   m a n u a l   a d j u s t -  

ment  of  the   or  e a c h   d r i v i n g   l a m p .  

24.  A p p a r a t u s   a c c o r d i n g   to  e i t h e r   of  c l a i m s   22  and  23  

w h e r e i n   the   or  e a c h   p o s i t i o n   t r a n s d u c e r   c o m p r i s e s :  



(a )   a  s e n s i n g   means   ( 1 9 a  -   19f )   r e s p o n s i v e   to  t h e  

i n c i d e n c e   of  a  r a d i a n t   e n e r g y   beam  to  p r o v i d e  

p r i m a r y   o u t p u t   s i g n a l ;  

(b)   i l l u m i n a t i o n   means   ( 1 8 a  -   18f)   p r o v i d i n g   s u c h   a  

b e a m ;  

(c )   an  i n t e r c e p t o r   member  (10)   c o n t r o l l i n g  

i n c i d e n c e   of  t h e   beam  on  t he   s e n s i n g   means   ( 1 9 a  

-  1 9 f ) ;  

(d)   m o u n t i n g   means   ( 63 ,   64)  p r o v i d i n g   f o r   r e l a t i v e  

d i s p l a c e m e n t   b e t w e e n   t he   i n t e r c e p t o r   member   a n d  

t h e   beam  in  a  d i r e c t i o n   t r a n s v e r s e l y   of  t h e  

l a t t e r .  

25.  Means   a c c o r d i n g   to   c l a i m   24  w h e r e i n   t h e   i n t e r c e p t o r  

member  i s   in  a c c o r d a n c e   w i t h   a n y  o n e   of  c l a i m s   1  to  3 .  














	bibliography
	description
	claims
	drawings
	search report

